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RESOURCE AND POTENTIAL RECLAMATION EVALUATION

OF

HORSE NOSE BUTTE STUDY AREA
DUNN CENTER LIGNITE FIELD

INTRODUCTION

A growing and affluent society is creating an ever increasing need
for energy. Attention has focused on the coal resources existent in

the Western States, primarily the Rocky Mountain and the Northern
Great Plains regions, due to the abundance, ease of extraction, and
the quality of the coal present. It is the responsibility of the
Bureau of Land Management to assist in meeting these energy demands
and, at the same time, provide sound reclamation and rehabilitative
guidelines so that the lands subjected to disturbance are returned
to a useful condition.

Purpose

The purpose of this study is to assure adequate baseline data for

choosing optimum reclamation objectives and for establishing appro-
priate data and interpretation for preparation of lease stipulations
for the Horse Nose Butte Study Area.

Objectives

a. To analyze and quantify environmental impacts from
surface mining of coal.

b. To provide resource and impact information to the
leasing site selection procedures as set forth by
the Secretary of the Interior.

c. To provide environmental resource information needed
to implement effective reclamation programs and for
the development of meaningful lease stipulations as
required.

d. To provide resource and impact information to support
State and local land use planning efforts.

e. To determine the present and potential capability of
the soil and bedrock to support and maintain vegetation
on known coal deposits.



f

.

To provide physical and chemical data from which real-
istic stipulations may be prepared for exploration,
mining, and reclamation plans.

g. To provide data needed in the preparation of Environmental
Impact Statements, Environmental Analysis Records, and to

aid in the review of mining and reclamation plans for pro-
posed land disturbing activities in the vicinity of the
area.

Authority

Public Land Administration Act of July 14, 1960 (74 Stat. 506).

Responsibility

Bureau of Land Management

a. Select reclamation study areas for coordinated
investigation of vegetation, soil, geological
structure, surface water, and ground water.

b. Acts as Contracting Officer in the coordination,
establishment, and execution of work orders.

c. Reviews and consolidates work order and field office
data.

d. Procurement of easements and rights-of-way to conduct
the studies.

e. Distributes technical data, reports, and reclamation
and rehabilitation recommendations to Bureau of Land
Management field offices.

Bureau of Reclamation

a. Conducts a land classification for determining
suitability of bedrock material for use in
revegetation of shaped spoils.

b. Conducts drilling operations for the procurement
of core samples for coal and soil analyses.

c. Installs casing in holes selected for ground-water
observation wells.



Characterizes and interprets suitability of overburden
materials as well as substrata immediately below the coal
resources for purposes of revegetation.

Arranges for greenhouse studies for determining overburden
materials potential for supporting vegetative growth.

Conducts mechanical weathering tests of core samples to

determine stability of overburden materials.

Recommends to district office, Bureau of Land Management,
suitable plant species for use in areas to be reclaimed.

Advises district office, Bureau of Land Management, on
reclamation techniques.

Prepares geologic maps, logs and cross sections.

Advises the Bureau of Land Management on significant
paleontological sites in the study area.

Geological Survey

Conducts vegetation and soil studies which will result
in vegetation maps and related soil characteristics.

Assesses reclamation potential based on water available
from precipitation, the effects of surface mining on
area hydrology, and the measures required to prevent
adverse effects on surface and ground waters of the area.

Prepares sediment yield maps.

Prepares erodibility maps.

Estimates annual runoff and peak flows.

Collection and interpretation of data to predict alter-
native solutions to ground-water problems encountered
during mining and reclamation.

Implementation of a monitoring system to define baseline
conditions and to document ground-water changes in flow
and quality caused by mining and reclamation.

Prepares ground-water maps.



i. Tabulation of coal resources estimates.

j. Table of analytical results on coal resources.

General Description

The Horse Nose Butte Study Area is located in west-central North Dakota
in Dunn County, approximately 4 miles southeast of Dunn Center. Plate 1

shows the general location. The area includes about 2,560 acres in all

or parts of Sections 3, 10, 11, 12, 14, and 15, T. 144 N. , R. 94 W.

Photograph 1 and Plate 2 show the area setting and topography. All
surface is privately owned. Most minerals, including coal, are federally
owned as shown on Plate 3.
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Photograph 1

Photograph 1 - Aerial view of the Horse Nose Butte Study Area. This photograph is a

portion of the Bureau of Land Management Photograph MDAD 9-33-93 (8/18/75)





CLIMATE

General

The Horse Nose Butte Study Area has a continental-type climate

characterized by cold winters and warm summers. Climatic conditions

should be similar to that recorded at the Dunn Center weather station,

located about 4 miles northwest of the area.

Sunshine can be expected on 60 percent of the days during the year

with July being the sunniest month (75 percent of days having sunshine)
November and December are the cloudiest months with about 50 percent
of the days having sunshine.

Windstorms occur frequently with velocities generally being highest
during the winter and early spring months. In 1975, some buildings
were dismantled by high winds in the area; however, storms of this
severity are rare. The prevailing wind direction is from the west-
northwest except during May through August when the prevailing winds
are more from the east. Thunderstorms are reported in the general
area 30 to 35 days each year and may be accompanied by hail. Hail
is very sporadic, occurring two or three times each year within the

county.

Temperature

Temperatures recorded at Dunn Center range from a maximum of 111°F.

to a minimum of 52°F. below zero. The average annual recorded
temperature is 40.3°F. Monthly average temperatures for the Dunn
Center weather station recorded between 1918 and 1974 are tabulated
below:

Jan. 9.6°F. May 52.7°F. Sep. 55.6°F.
Feb. 14.7 June 62.1 Oct. 43.4
Mar. 25.2 July 68.9 Nov. 28.3
Apr. 40.6 Aug. 66.9 Dec. 16.1

Frost penetrates to a depth of 3 to 5 feet during the approximate
121-day freezing period.

The beginning and ending dates of the frost-free period and the
growing season for hardy crops were compiled from the Dunn Center
station. These data and related information are shown in the
following tabulation:



Average
Average Dates Days

Temp. Last in Spring First in Fall Between Remarks

32° May 18 to Sept. 15 121 50-year record
28° May 8 to Sept. 28 144 26-year record

Table 1 shows the potential consumptive use of moisture by plants
during the frost-free period.

Precipitation

The average annual precipitation at Dunn Center is 16.31 inches.
The mean annual precipitation within a 40-mile radius of the area
is 16.05 inches. Figure 1 shows the location of weather stations
and the deviation from the average. The recorded annual precipitation
ranges from a low of 7.17 inches in 1936 to a high of 26.02 inches
in 1903. The average monthly precipitation recorded at the Dunn Center
station for the period 1918 to 1974 are tabulated below:

Jan. 0.41 in.

Feb. 0.42
Mar. 0.61
Apr. 1.47

Over 75 percent of the annual precipitation falls during the April
through September period.

The amount of snow received annually is about 30 inches. Measurable
amounts of snow can be expected from October through April. Snow
(2- to 6-inch depths) covers the ground about 85 days each year,
mostly during the months of December and January. High-velocity winds,
during the winter, pile snow in drifts several feet high in protected
areas. Unprotected areas can be completely stripped of snow. Fluc-
tuating temperatures above freezing will usually remove the snow cover
for a period of days during the winter months.

Effects of Climate on Revegetation

Climatic differences within the area are small. However, moisture
and frost conditions of the soil can locally be affected by exposure
to wind and sunlight. These micro-climatic differences would be

altered by changing the topographic surface during reclamation.

The precipitation received during the growing season of 121 days is

adequate for revegetation with native grasses and small grains.

However, potential consumptive use of water by plants during this

May 2.21 in. Sep. 1.45 in
June 3.72 Oct. 0.90
July 2.35 Nov. 0.59
Aug. 1.79 Dec. 0.39
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period exceeds normal precipitation and normal moisture reserves,

so maximum production is only achieved in years of high precipitation.

Under normal conditions, the available moisture level is depleted by
mid-July and the grasses that have not matured become dormant.

Table 1 shows the average moisture requirements for native grasses

and the moisture available throughout the growing season.

Water-short years do occur which could prevent successful revegetation
for that year. Other climatic hazards, that occur randomly in this

area, are hail and high-intensity thunderstorms. Hail is not expected
to be a serious problem; but high-intensity storms can be very detri-

mental to young plants and unconsolidated seedbeds. This hazard can

be minimized by making all reconstructed slopes, 4 percent or less,
good seedbed preparation and vegetative mulches of long straw or

standing small grain stubble.

Wind erosion will be a problem especially on the sandy soils. Fall
and early spring plants are the most susceptible; but disking long
straw or grass hay into the soil or planting in standing small grain
stubble will reduce wind erosion. Late spring plantings on fallow
would most likely be damaged the least by wind erosion.

Frost action in the 3- to 5-foot depth will result in physical changes
of the reconstructed profile. Expansion and contraction contribute
to vertical cracks and fissures in the material making it a more suit-
able media for plants. The average climatic conditions are favorable
for quick successful revegetation of disturbed land.



PHYSIOGRAPHY

The Horse Nose Butte Study Area lies in the glaciated portion of the
Great Plains physiographic province. Topography in the area is

characterized by gently rolling hills and poorly incised valleys as
shown on Photographs 2 through 4. Maximum relief is about 180 feet,
ranging from an elevation of 2170 feet at Slow Creek to 2350 feet on
topographic highs within the study area. Surface gradients range
from near flat along the Slow Creek flood plain to about 15 percent
along the flanks of knobs. The area is dry farmed except for some

pastureland generally situated along steeper slopes.

Drainage in the area is northwards into Slow Creek which flows into
Spring Creek, a tributary of the Knife River. Figure 2 shows the
drainage system in the study area and stream order designations.
Topographic data were not available for the headwaters of Slow Creek
when this figure was completed.

There are some small undrained basins in the study area. These will
be eliminated during mining and reclamation. Post-mining drainageways
must become an integral part of the surrounding drainage system. This
system must provide adequate capacity for runoff generated within the
area and from adjacent areas that would pass through the study area.
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PHOTOGRAPH 4 - HORSE NOSE BUTTE STUDY AREA - DUNN
CENTER LIGNITE FIELD. View of ungrazed pasture-
land surrounding an abandoned farmstead in the
southwest quarter of Section 12, T. 144 N., R. 94 W.

U.S. Bureau of Reclamation Photograph P-1305-600-10(NA)
11/20/75





GEOLOGY

Regional Geology

The Dunn Center Lignite Field is located in the Willis ton Basin in

west-central North Dakota, This basin, a part of the Great Plains
physiographic province, is a synclinal structure extending from
South Dakota into Canada, a distance of about 500 miles.

The geologic history of the areas since Precambrian time includes
periods of deposition, deformation, and erosion- A sequence of

carbonates, sandstones, and shales, mostly of marine origin, were
deposited throughout North Dakota during the Paleozoic and Mesozoic
Eras. These sediments, about 14,000 feet thick in the deepest part
of the Williston Basin, thin rapidly eastward and are not present
in the southeastern part of the State, Several unconformities exist
throughout the Paleozoic and Mesozoic sequences in North Dakota, the
most notable being the pre-Mesozoic erosional surface which truncates
all Paleozoic sediments.

Deformation of the Rocky Mountains to the west and associated
uplifting of the Great Plains area in North Dakota began with the

Laramide Revolution at the close of Cretaceous time. Intermittent
uplifting continued through the Paleocene and ended in Eocene time.

Materials eroded from the mountains were spread in thick sheets over
most of the Great Plains by the middle of the Cenozoic Period. A
second regional uplift which occurred during the Pliocene and
Pleistocene times elevated sediments to their present position.
Streams rejuvenated by the uplift began stripping Tertiary strata
from the Great Plains and exhuming the buried mountain masses to

the west.

During the Pleistocene Epoch, several continental ice sheets invaded
most of North Dakota. A sequence of till, outwash, and associated
glacial debris was deposited during the advance and retreat of each
ice sheet.

Today, shales, sillstones, and sandstones of Cretaceous and Tertiary
age cover the western part of North Dakota. Pleistocene and Recent
glacial, aeolian, and alluvial deposits mantle the bedrock in much
of the area. Plate 4 is a generalized bedrock geologic map showing
the southern limits of glaciation.

Area Geology

Investigations

Surface and subsurface investigations were conducted by the Bureau of
Reclamation at the Horse Nose Butte Study Area between September of
1975, and February of 1976. These investigations included mapping
the surface geology and drilling a series of core holes.



Geologic mapping on a scale of 1 inch equals 1000 feet was done in
the field on aerial photographs. These data were transmitted to a

topographic map of the same scale and are shown on Plate 5. Plate 6

is a stratigraphic column describing lignite beds shown on Plate 5.

Twenty-one drill holes (DH 75 or 76-101 through -121) ranging from
8.5 to 218.6 feet in depth were completed in the study area. Con-
tinuous cores were obtained from all holes for geologic logging and
for the selection of coal and overburden samples for laboratory
analyses. Drill Holes 76-119 through -121 were completed on the
north side of the study area in an attempt to penetrate the bottom
contact of the Dunn Center lignite bed. This was unsuccessful as

all three holes collared below the lignite. The locations of core
holes are plotted on the Geologic and Investigations Map, Plate 5.

Plates 7 through 9 are geologic profiles correlating lignite horizons
between drill holes. Detailed geologic logs are shown on Plates 10
through 21, Appendix A.

Three observation wells were drilled in the area for ground-water
studies that are being conducted by the U.S. Geological Survey.
Plastic pipes ranging from 2- to 4-inch inside diameter were installed
in each hole and sandpacked in selected lignite zones. Geologic logs
are not available as these holes were not cored.

All drilling was performed with a DAMCO Model 1250 rotary drill rig.

Wire line drill tools with an "H" series barrel were used to recover
core samples in most holes. Use of drilling tools larger than the

standard exploratory sizes was dictated by (1) necessity to maximize
core recovery, (2) provide sufficient sample for laboratory and
greenhouse studies from zones as thin as 5 feet, and (3) to minimize
the contamination potential.

Except for drive sampling in the upper weathered zones, all of the

drilling were accomplished using bottom discharge core bits set with
tungsten carbide inserts. Both preset and field set bits were used.

The chief advantage of field setting is better control of bit gage,

both inside and outside, which in some of the softer rocks can be
used to increase core recovery.

The recovered drill cores were placed in 5-foot-long core boxes and
covered by a sheet of 4-mil polyethylene plastic. This prevented a

loss of moisture and a change of physical state in the core until
logging and sampling could be accomplished.

Water from Spring Creek was used as the drilling fluid in all holes.

Tests conducted by the U.S. Bureau of Reclamation soils laboratory

10
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Plate 6

STRATIGRAPHIC COLUMN -LIGNITE S LIGNITIC SHALE BEDS

HORSE NOSE BUTTE STUDY AREA- DUNN CENTER LIGNITE FIELD
NORTH DAKOTA

(PORTION OF SENTINEL BUTTE FORMATION PENETRATED BY DRILLING)

A— Lignite—0.4 to 3.4-ft. thick ( Av. 1.9-ft.).
105 to 145— ft. above Bed F.

B— Lignite — 7.5 to 1 1.0-ft. thick (Av. 9.1ft.).

73 to I II- ft. above Bed F.

C— Lignite and Lignitic shale-O.I to 1.9— ft. thick
(Av. I.l-ft.).45 to IOO-ft. above Bed F.

DA
*- Lignite- O.I to 1.9-ft. thick ( Av. 1. 2- ft.).

E 10 to 95-ft. above Bed F
\- Lignite -O.I (?) to 9.2-ft. thick (Av. 6.5 ft.).

3 to 68 (V-ft. above Bed F. Thins in western and
southern portions of study area.

F— Lignite (Dunn Center Bed) 14.3 to 22.1-ft. thick
(Av. 18.4-ft.).

G— Lignite-0.2 to 2.7-ft. thick (Av.l.2-ftJ.
I to 6 ft. below Bed F Absent in places.

H— Lignite—3.5- ft.tt hick. 35-ft.±below Bed F.
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in Miles City, Montana, indicated that the total concentration of

dissolved solids in the water ranged from 990 to 1280 parts per

million. An organic polymer, "Revert," was used in the drilling

fluid in zones where lost circulation occurred. This was chiefly

in highly fractured or jointed coals.

Field checks made by adding a fluorescent dye (Fluorescein) to the

drill water and checking the obtained cores under an ultra-violet
black light indicate that penetration by the drill fluid, if any,

is less than 1 millimeter in permeable sandstone and can be readily
removed in sample preparation. Impermeable siltstone and shale
samples showed no evidence of dye contamination.

Stratigraphy

The oldest rocks exposed in the study area are of Paleocene Age. In

North Dakota, the State Geological Survey has divided the Paleocene
Series into the Ludlow-Cannonball, Tongue River, and Sentinel Butte
Formations of the Fort Union Group. These subdivisions will also be
used in this section of the report. Only the Sentinel Butte, the

youngest formation of the Fort Union Group, is involved in the study
area. Sandstones, siltstones, and shales of this formation are
locally mantled by Quaternary glacial, aeolian, and alluvial deposits.

Photographs 2 through 4 show the typical rolling terrain which has
been altered by glaciation.

Fort Union Group - Paleocene

Cann£nb_al_l^Ludlow Formation - These sediments underlie but do not
crop out in the study area. The Cannonball is the youngest known
marine strata in the Northern Great Plains region. It consists of
shale and thin-bedded sandstone which thins and interfingers westward
with the continental deposited Ludlow.

Tonj>ue_R^ver_Fc^mat_ion - consists of an alternating sequence of

fluvial deposited sandstone, siltstone, and shale with associated
beds of lignite. It is similar to the overlying Sentinel Butte
Formation, and in places, cannot be distinguished from it.

^entineJL_Butt
1
e_Formaj^ion - consists of an alternating sequence of

sandstone, siltstone, shale, carbonaceous shale, and lignite with
thin calcareous or siliceous cemented concretions. In general, the
sandstones are fine grained and uncemented. Shales vary from soft,
plastic clayshale to moderately indurated claystone. Shale and silt-
stone zones readily break down and form slopes beneath sandstone
ledges. Correlation of clastic sediments over short distances is
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difficult due to facies changes, channeling and variation in bedding
thickness. Laboratory analyses conducted on core samples from the
Horse Nose Butte Study Area indicate that chemical and physical
properties of the bedrock cannot generally be projected between drill
holes. Weathered exposures are generally pale olive or yellowish-
gray in color; while fresh core samples vary from light to dark gray.
Marcasite and/or pyrite nodules are found along zones of higher
permeability, such as fractures and bedding planes. The Sentinel
Butte Formation was deposited under a continental environment which
included swamps conducive to the production of thick lignite beds.
Lignite zones serve as excellent marker beds as they can generally
be traced over wide areas. This formation is about 500 feet thick.
Drilling at the Horse Nose Butte Study Area penetrated a 210-foot
stratigraphic section in the formation. Detailed geologic logs are
shown on Plates 10 through 21, Appendix A.

One striking feature in the Sentinel Butte and Tongue River Formations
is the resistant clinker zones, locally called "scoria," that cap
knobs or armor valley walls. The clinker, which is fused or baked
rock, was produced by the burning of lignite beds along and back from
their outcrops. In places where the heat was sufficiently intense,
the clinker has been fused to a dark gray, lightweight rock similar
in appearance to vesicular basalt. Near the outer edge of thermal
metamorphism, the rock is disoriented, baked, and red to orange in

color. Alteration of the overlying material is roughly proportional
to the original thickness of lignite that has burned. A lignite bed

20 feet thick will produce clinker zones 40 to 60 feet thick. The
clinker is highly permeable and locally supplies water for springs
and wells.

Clinker in the Horse Nose Butte Study Area was produced by burning
of the Dunn Center lignite bed. Outcrops occur along the valley walls
of Slow Creek as shown on the Geologic and Investigations Map, Plate 5.

Some of the Dunn Center lignite undoubtedly remains beneath the
clinkered areas. Evidence supporting this is the soil auger holes
that encountered coal surrounded by clinker in the west half of

Section 12, T. 144 N., R. 94 W. Subsurface explorations and surface
mining in other areas also indicate that lower sections of thick
coalbeds have not always burned beneath clinkered areas. An extensive
drilling program would be required to determine the amount of coal
which underlies the thermally altered rock. For the purpose of this
report, it is assumed (1) that all lignite has burned beneath clinkered
areas and (2) that the contact between baked and unbaked rock is vertical

A typical highly altered clinker deposit is shown in Photograph 6.

12



Photographs 5 and 6

M>

PHOTOGRAPH 5 - HORSE NOSE BUTTE STUDY AREA - DUNN CENTER
LIGNITE FIELD. View of till mantled ridge with scattered
erratics in the northwestern part of Section 13, T. 144 N.

,

R. 94 W.

U. S. Bureau of Reclamation Photograph P-1305-600-11 (NA)

11/20/75

PHOTOGRAPH 6 - HORSE NOSE BUTTE STUDY AREA - DUNN CENTER
LIGNITE FIELD. View of masses of clinker resulting from
burning lignite along a ridge in the southern portion
of Section 12, T. 144 N. , R. 94 W.

U.S. Bureau of Reclamation Photograph P-1305-600-12(NA)

11/20/75





Golden Valley Formation - Eocene - consists of about 200 feet of

alternating shales, siltstones, and crossbedded sandstones, These
sediments, which overlie the Sentinel Butte Formation, have been
eroded away in the study area.

Arikaree Formation - Miocene - consists of about 400 feet of lacustrine

limestone interf ingering with crossbedded sandstone that caps the

Killdeer Mountains northwest of the study site. Part of these sediments

could include Oligocene deposits of the White River Group.

Channel Deposits - Pleistocene - consists of sand and gravel of an
undetermined thickness beneath alluvial deposits along the Slow
Creek Valley. The approximate channel axis is shown on the Geologic
and Investigations Map, Plate 5. These deposits appear to

predate early Wisconsin till in the area.

Glacial Till - Pleistocene - consists of heterogeneous mixture of clay,

silt, sand, gravel, cobbles, and boulders deposited by continental
glaciers. Present information indicates that two ice sheets invaded
the Horse Nose Butte Study Area, the most recent being of early
Wisconsin Age. Glacial erratics found west of the early Wisconsin
drift limits in Dunn County support the theory that an older pre-Wisconsin
ice sheet also invaded the area.

Subsurface explorations in the study area show that the thickest till
deposits lie in the topographic saddle that extends through Section 10

and 14, T. 144 N. , R. 94 W. Drill holes 75-105 and 76-116 encountered
till to depths of 31.8 and 27.0 feet, respectively. Isolated patches
of till and erratics that have not been removed by erosion are shown
on the Geologic and Investigations Map, Plate 5. A typical cluster
of glacial boulders is shown in Photograph 5.

Aeolian Deposits - Pleistocene and Recent - unconsolidated dune and
loess-like deposits from several inches to over 5-feet-thick mantle
most of the study area. The loess-like deposits consist of silty
clays, clayey silts, and silty to clayey sands. A vertical root hole
structure apparent in places is not as well developed as that found in
loess deposits in Iowa and Nebraska. The loess-like deposits are
probably late Pleistocene and Recent in age. Recent dunes, consisting
of silt and very fine uniform sand, have been deposited on the lee side
of knobs and ridges. One such deposit was mapped in the southern
halves of Section 14 and 15, T. 144 N. , R. 94 W.

Alluvium - Recent - consists of clay, silt, sand, and gravel that
mantle valley floors in the study area. These sediments could be up
to 20 feet thick in the Slow Creek flood plain.

Lignite Beds

Eight persistent lignite and/or lignitic shale beds, A through H,

were penetrated by drilling in the Horse Nose Butte Study Area,
Brief descriptions of these beds are found on the generalized
stratigraphic column, Plate 6. Six of the beds, A through F, are
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shown on the Geologic and Investigations Map, Plate 5 as they would
occur if projected to ground surface.

Four of the coalbeds may be of economic significance. These include
Beds A, B, E, and F (Dunn Center bed).

Bed A varies from 0.4 to 3.4 feet thick and averages 1.9 feet thick
in the study area. Thicker sections of this bed could be selectively
mined.

Two other mineable lignite zones occur above the Dunn Center lignite
bed. These include Beds B and E which average 9.1 and 6.5 feet thick,
respectively.

The Dunn Center (F) lignite bed ranges from 14.3 to 22.1 feet thick
and averages 18.4 feet thick in the study area. Overburden, inter-
burden, and coal above the Dunn Center bed ranges from 10 to 200 feet
in thickness. Depth to the Dunn Center lignite bed is shown on the
Overburden Thickness Map, Plate 22.

Structure

The study area is located near the center of the Williston Basin.
Sediments in the area are essentially flat lying. Bedding in drill
core samples was generally near horizontal except in Drill Hole 76-114
where dips of up to 35° were measured. Structure contours developed
on top of the Dunn Center lignite bed, Plate 22, indicate that an
east-west anticline trends across the area. Contours developed for

stratigraphically higher lignite beds did not reflect a similar
structure.

Small local faults exist throughout the area as indicated by the
slickensides exhibited in drill core samples. These are generally
restricted to weak, plastic, carbonaceous shales immediately above or

below lignite beds. Displacement along these fractures could not be
determined but should not exceed 5 feet.

Paleontology

Geologic mapping did not reveal any significant or unusual paleon-
tological sites in the study area. Fossils in the Sentinel Butte
Formation are generally obscured by the mantle of glacial, aeolian or

alluvial soils. Fossils found in drill core samples included

calcareous shells and poorly silicified or carbonaceous tree fragments,

None of these were collected for identification.
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Engineering Geology

Engineering Properties

Engineering property tests were not conducted on overburden samples

from the Horse Nose Butte Study Area. However, physical properties
of these sediments should be similar to the results obtained for

Fort Union samples at the Otter Creek Study Site (EMRIA Report No. 1)

by the U.S. Geological Survey. Shear strengths of these materials
are low, especially in a saturated condition. Slides could easily
develop adjacent to highwalls in surface mines, namely along beds of

weak, plastic, carbonaceous shales, which are typically cut by inherent
slickensides. Adequate drainage should be insured to relieve pore-
water pressures in the overburden as mine excavations progress.

Saturated, uncemented siltstones and fine-grain sandstones will readily
erode and flow into excavations. This problem was encountered in
drilling when the walls of some holes continued to collapse and slough
until casing was installed. Depth of excavations below the water table
will be limited until these types of materials are unwatered.

Excavation slopes will vary considerably between mine sites and will
be dependent upon exposure time, moisture conditions, material types
and depth of cut. Detailed engineering studies of the overburden
will be required at each location for use in determination of designed
slopes.

Studies conducted at Otter Creek indicate that disturbed overburden
(spoil banks and piles) should have slopes not greater than 4 to 1

with berms of 50 to 100 feet in width designed on the slope surface.

Weathering Tests

Weathering tests were conducted on 11 core samples from the Horse Nose
Butte Study Area. The purpose of these tests was to determine which
materials would weather (break down) sufficiently to allow for their
possible use as topsoil in revegetation of surface mined areas.

Samples were selected for (1) freeze-thaw, (2) wet-dry, and (3) outdoor
tests. The criteria developed for the testing is described as follows:

Freeze-Thaw Cycle

1. 8 hours at 23.9° C (75° F) , 100 percent relative
humidity (wetting/thawing)

2. 16 hours (64 hours on weekend) at -17.8° C (0° F)

(freezing)
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Wet-Dry Cycle

1. 8 hours at 23.9° C (75° F) , 100 percent relative
humidity (wetting)

2. 16 hours (64 hours on weekends) at 37.8° C (100° F)

,

10 percent relative humidity (drying)

Outdoor

The outdoor exposure test included subjecting the specimens
to 2.5 cm (1 in.) of precipitation during seven snowstorms
and between 40 and 50 freeze-thaw cycles.

All core specimens were 5 cm (2 in.) in diameter by 5 cm (2 in.) in

length. Tests were started on December 23, 1975, and completed after
43 laboratory weathering cycles on March 1, 1976.

Only 3 of the 11 samples broke down sufficiently for use as a planting
media (breakdown based on 30 percent of material by weight passing
No. 10 screen as per discussion with Dr. William Borg, Agronomy
Department, Colorado State University). These samples consisted of

silty shale and shale. Other shale samples showed evidence of

saturation and swelling and would undoubtedly break down under
additional testing. Handling and placing these soils in a moist
condition may be difficult due to their plastic characteristics.
Sandstone and siltstone samples were more resistant to weathering
than shales. The freeze-thaw condition is more severe than the

wet-dry in that it caused more rapid breakdown of most overburden
materials

.
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COAL RESOURCES

Origin

Coal has been defined as "a readily combustible rock containing more

than 50 percent by weight and more than 70 percent by volume of

carbonaceous material, formed from compaction or induration of

variously altered plant remains similar to those of peaty deposits.

Differences in the kinds of plant materials (type) , in degree of

metamorphism (rank) , and range of impurity (grade) , are charac-

teristics of the varieties of coal" (Schopf, 1956). Inherent in the

definition is the specification that the coal originated as a mixture
of organic plant remains and inorganic mineral matter that accumulated
in a manner similar to that in which modern-day peat deposits are
formed. The peat then underwent a long-extremely complex process
called "coalification" during which diverse physical and chemical
changes occured as the peat changed to coal and the coal assumed the

characteristics by which we differentiate Members of the series from
each other. The factors that affect the composition of coals have
been summarized by Francis (1961, p. 2) as follows:

1) The mode of accumulation and burial of the plant debris
forming the deposits.

2) The age of the deposits and their geographical distribution.

3) The structure of the coal-forming plants, particularly details
of structure that affect chemical composition or resistance
to decay.

4) The chemical composition of the coal-forming debris and its

resistance to decay.

5) The nature and intensity of the plant-decaying agencies.

6) The subsequent geological history of the residual products
of decay of the plant debris forming the deposits.

For extended discussions of these factors, the reader is referred to

such standard works as Moore (1940), Lowry (1945), Tomkeieff (1954),
Francis (1961) , and Lowry (1963)

.

Classification

Coals can be classified in many ways (Tomkeieff, 1954, p. 9; Moore,
1940, p. 113; Francis, 1961, p. 361), but the classification by rank

—

that is, by degree of metamorphism in the progressive series which
begins with peat and ends with graphocite (Schopf, 1966)— is the most
commonly used system. Classification by types of plant materials is

commonly used as a descriptive adjunct to rank classification when
sufficient mega and microscopic information is available, and
classification by type and quantity of impurities (grade) is also
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frequently used when utilization of the coal is being considered.
Other categorizations are possible and are commonly employed in
discussion of coal resources—such factors as the weight of the coal,
the thickness and areal extent of the individual coalbeds, and
the thickness of overburden are generally considered.

Rank of Coal

The position of a coal within the metamorphic series, which begins
with peat and ends with graphocite, is dependent upon the temperatures
and pressure to which the coal has been subjected and the duration of
time of subjection. Because it is by definition largely derived from
plant material, coal is mostly composed of carbon, hydrogen, and
oxygen, along with smaller quantities of nitrogen, sulfur, and other
elements. The increase in rank of coal as it undergoes progressive
metamorphism is indicated by changes in the proportions of the coal
constituents—the higher rank coals have more carbon and less hydrogen
and oxygen than the lower ranks.

Two standardized forms of coal analyses— the proximate analysis and
the ultimate analysis—are generally used in the work today, though
sometimes only the less complicated and less expensive proximate
analysis is made. The analyses are described as follows (U.S. Bureau
Mines, 1965, p. 121-122) :

"The proximate analysis of coal involves the determination of
four constituents: (1) water, called moisture; (2) mineral
impurity, called ash, left when the coal is completely burned;

(3) volatile matter, consisting of gases or vapors driven out
when coal is heated to certain temperatures; and (4) fixed carbon,
the solid or cakelike residue that burns at higher temperatures
after volatile matter has been driven off. Ultimate analysis
involves the determination of carbon and hydrogen as found in the

gaseous products of combustion, the determination of sulfur,
nitrogen, and ash in the material as a whole, and the estimation
of oxygen by difference."

Most coals are burned to produce heat energy so the heating value of

the coal is an important property. The heating value (calorific value)

is commonly expressed in British thermal units (Btu) per pound: one
Btu is the amount of heat required to raise the temperature of 1 pound
of water i degree fahrenheit (in the metric system, heating value is

expressed in kilogram-calories per kilogram). Additional tests are
sometimes made, particularly to determine the caking, coking, and

other properties, such as tar yield, which affect classification or

utilization.

Figure 3, Appendix B, compares in histogram form the heating value and
moisture, volatile matter, and fixed carbon contents of coals of
different ranks.
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Various schemes for classifying coals by rank have been proposed and
used but the most commonly employed are the "Standard specifications
for classification of coals by rank," adopted by the American Society
for Testing and Materials (1974, Table 2, Appendix B)

.

The ASTM classification system differentiates coals into classes and
groups on the basis of mineral-matter-free fixed carbon or volatile
matter and the heating value supplemented by determination of agglom-
erating (caking) characteristics. As pointed out by the ASTM (1974,

p. 55), a standard rank determination cannot be made unless the samples
were obtained in accordance with standardized sampling procedures
(Snyder, 1950; Schopf, 1960). However, nonstandard samples may be

used for comparative purposes through determinations designated as

"apparent rank."

Characteristics of North Dakota Coal (From Landis, 1973)

The coal of North Dakota is classified as lignite on the basis of

its physical and chemical properties. Like other lignitic coals , it

is high in moisture and volatile matter, and low in fixed carbon and
heat value. Lignitic coals also slack easily when exposed to air and
are subject to spontaneous combustion when stored.

Specimen proximate analyses and the derived average analysis of

lignite samples from the nine counties in North Dakota are shown in

Table 3, Appendix B. The average analysis is typical of coals classed
as lignite A (Table 2, Appendix B) , In terms of quality, or grade,
the North Dakota lignite would be classed as low sulfur—less than
1 percent (DeCarlo and others, 1966)—and the average ash content of

6.7 percent indicates that the North Dakota lignite probably contains
less ash than the average of coals produced in the United States.

The analyses of 102 tipple samples of North Dakota lignite collected
in 1959 from 41 mines in 17 counties were reported by Aresco and
others (1960). The range analyses are:

Moisture, as received 28.9 to 43.8 percent.
Volatile matter, dry 33 to 46.1 percent.
Fixed carbon, dry —31,9 to 51.6 percent.
Ash, dry 6.3 to 34.5 percent.
Sulfur 0,3 to 4.3 percent.
As received 5,210 to 7,550 Btu's,
Dry 7,760 to 11,320 Btu's.
Ash-softening temperature 1,940° to 2,610 .

Most of these samples had been sized prior to collection. Because of

their lower ash content, the coarser sizes are higher in moisture,
volatile matter, fixed carbon, heat value, and ash-softening temperature
than the fine sizes. In general, the intermediate sizes contain more
sulfur.
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Ten of the aforementioned analyses, collected from nine mines in
seven counties, are of mine-run samples. The range analyses are:

Moisture 35.9 to 43.8 percent.
Volatile matter, dry 41.1 to 45.3 percent.
Fixed carbon, dry 43.2 to 50 percent.
Ash, dry 6.7 to 13.2 percent.
Sulfur 0.3 to 2.7 percent.
As received 6,090 to 7,140 Btu's.
Dry 10,670 to 11,280 Btu's.
Ash-softening temperature 2,080° to 2,550°.

These results indicate, as could be expected, that the analyses of

mine-run samples in general follow the pattern of the coarser sizes
of the sized coal. That is, the range analysis of the mine-run
samples falls into the upper part of the range analysis of the total
sample for moisture, volatile matter, fixed carbon, heat value, and
ash-softening temperature.

Coals from the Sentinel Butte Member in Western North Dakota

Table 4, Appendix B, presents proximate, ultimate, Btu, and forms of

sulfur analyses of seven samples of lignite from the Sentinel Butte
Member of the Fort Union Formation collected by C. G. Carlson of
the North Dakota Geological Survey (written commun. , 1976) in two
mines, one each in Stark and Mercer Counties (Table 5, Appendix B)

.

Dunn County Lignite

No analyses are available at this time for the coals penetrated by
the drill holes in the Horse Nose Butte Study Area, but the U.S. Bureau
of Mines MERIT computer storage system contains 25 analyses of Dunn
County coals. The samples are from uncorrelated beds but the thicker
coals present in the EMRIA study area are almost certainly represented
in the sample suite. The average analyses, derived from the

25 samples, are:

Moisture (as received) 40.6
Ash (as received) 7.0

Sulfur (as received) 0.6
Btu (as received) 6,310

The lignite in the Horse Nose Butte Study area is probably similar
to the average cited above.

Estimation and Classification of Coal Resources

Coal resource estimates have been prepared for the Horse Nose Butte
Study area using standard procedures, definitions, and criteria of

the U,S. Geological Survey and U.S. Bureau of Mines established for

making coal resource appraisals in the United States. The term "coal

resources" as used in this report means the estimated quantity of coal
in the ground in such form that economic extraction is currently or

potentially feasible.
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Table 6 presents the estimated demonstrated coal resources in the

A, B, E, and F (Dunn Center) coalbeds in the Horse Nose Butte Study

area by section, bed thickness category, and overburden thickness
category. The estimated resources are summarized by bed and overburden
thickness category in Table 7,

Resources Categorized by Degree of Geologic Assurance

Demonstrated coal resources are the sum of the coal in both measured
and indicated resource categories.

Measured resources are coal for which estimates of the rank,
quality, and quantity have been computed, within a margin
of error of less than 20 percent, from sample analyses and
measurements from closely spaced and geologically well-known
sample sites.

Indicated resources are coal for which estimates of the rank,
quality, and quantity have been computed partly from sample
analyses and measurements and partly from reasonable geologic
proj ections.

Because of the lack of definitive sample analyses of the coal in the

study area itself, the estimated resources of the Horse Nose Butte
area are classed as demonstrated resources . All of the estimated
demonstrated resources of the study area are within 3/4 mile of points
of observation.

The part of the estimated resources that are more than 5 feet thick
and are at depths of 100 feet or less fall into a category called
reserve base , which is defined as that portion of the identified coal
resource from which reserves are calculated. Reserves are that portion
of the identified coal resource that can be economically mined at the
time of determination. The reserve is derived by applying a recovery
factor to that component of the identified coal resource designated
as the reserve base . On a national basis, the estimated recovery
factor for the total reserve base is 50 percent. More precise recovery
factors can be computed by determining the total coal in place and the
total coal recoverable in any specific locale.

Characteristics Used in Resource Evaluation

The coal characteristics that are commonly used in classifying coal
resources are the rank, grade, and weight of the coal, the thickness
of the coalbeds, and the thickness of the overburden. Rank and grade
have been discussed previously.

Weight

The weight of coal ranges considerably with differences in rank and
ash content. In areas such as the Horse Nose Butte area, where specific
gravities of the coals have not been determined, an average specific
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gravity value based on many determinations in other areas is used to

express the weight of the coal for resource calculations. The average
weight of lignitic coal is taken as 1,750 short tons per acre-foot—

a

specific gravity of 1.29.

Thickness of Beds

Because of the important relation of coalbed thickness to utilization
potential, most coal resource estimates prepared by the U.S. Geological
Survey are tabulated according to three thickness categories. For
lignite the categories are thin— 2,5 to 5 feet (0,75 to 1.5 m) ; inter-
mediate— 5 to 10 feet (1,5 to 3 m) ; and thick—more than 10 feet (3m),

Thickness of Overburden

Almost all of the estimated coal resources in the Horse Nose Butte
Study area are overlain by 200 feet (60 m) or less of overburden,

Major, Minor, and Trace-Element Composition

Fourteen core samples of coalbeds in the Sentinel Butte Member in Stark
and Mercer Counties were analyzed for the following constituents
(following the procedure shown on Figure 4, Appendix B)

.

1. Proximate analysis for percent moisture, volatile matter,
fixed carbon, and ash; ultimate analysis for percent hydrogen,
carbon, nitrogen, oxygen, and sulfur; and forms-of-sulfur
analysis for percent sulfate-sulfur , pyritic sulfur, and
organic sulfur (see Table 4, Appendix B)

,

2. Major composition of the ash of coal—percent ash, Si0
9 ,

A1„0
3 , Na

2
0, K

2
0, CaO, MgO, Fe„0 P

2°5'
C1

'
Mn0

'
Ti0

2

»

and SO

3. Trace element composition of coal

a. Individual quantitative determinations—ppm As, Cd, Cu,

F, Hg, Li, Pb, Sb, Se, Th, U, and Zn.

b, Semiquantitative spectrographic analysis—ppm of 20-30

elements detected by this method,

Results of the analytical determinations are listed in Tables 8, 9,

and 10, Appendix B,

Table 11, Appendix B, compares analyses of 14 samples of lignite from
the Sentinel Butte Member in Stark and Mercer Counties, North Dakota,
to 62 samples of lignite from 9 mines in North Dakota and one mine in

Montana (Swanson and others, 1974), None of the differences shown
are of significant magnitude.
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Table 6

Table 6 .

—

Estimated demonstrated coal resources (thousands of short tons)

,

bv bed, section, bed thickness (feet), and overburden thickness (feet)

Demonstrated Resources

Bed Section
Overburden
thickness

Bed thickness

2 1/2-5 5-10 10 and more Total

11 - 200 180 180

B 11
14

15
Total Bed B

E 11

12
14

15

Total Bed E

- 200
- 200
- 200
- 200

- 200 790
- 200
- 200 1,640
- 200 2,850
- 200 5,280

5,280
5,510
10,790

190
1,850
3,920

5,960

1,340
1,070

2,410

1,340
6,350
5,510
13,200

980
1,850
5,560
2,850

11,240

3 (partial) 0-50
3 (partial) 50 - 100

Total Section 3

6,670
1,500
8,170

6,670
1,500
8,170

10 0-50
10 50 - 100

Total Section 10

7,540
4,580
12,120

7,540
4,580

12,120

11 0-50
11 50 - 100

Total Section 11

1,040
6,410
7,450

1,040
6,410
7,450

12 - 50

12 50 - 100
Total Section 12

14 - 50
14 50 - 100

14 100 - 150
14 150 - 200

Total Section 14

15 - 50
15 50 - 100
15 100 - 150
15 150 - 200

Total Section 15

Total - 50
50 - 100

100 - 150

150 - 200
Total B Bed - 200

Grand Total - 200 5,460 16,750

3,210

2,270
5,480

130

8,970
10,640
2,030

21,770

150
4,410
7,610
4,560
16,730

18,740
28,140
18,250
6,590

71,720

74,130

3,210

2,270
5,480

130

8,970
10,640
2,030

21,770

150

4,410
7,610
4,560

16,730

18,740
28,140
18,250
6,590

71,720

96,340





Table 7

Table 7 .

—

Summary of estimated coal resources of the Horse Nose

Butte EMRIA Study Area , by bed and overburden thickness

[In thousands of short tons]

Overburden thickness
(feet) Bed A Bed B Bed E Bed F Total

0-50 18,740 18,740

50 - 100 28,140 28,140

100 - 150 18,250 18,250

150 - 200 6,590 6,590
i

- 200 180 13,200 11,240 71,720 96,340





Table 12, Appendix B, shows the range of and average elemental content,
on the whole-coal basis, of those constituents commonly regarded as

being of importance from the standpoint of coal utilization. Some of

the elements, such as mercury and arsenic, are of interest because of

the environmental problems that might occur if they are present in

inordinate amounts; others, such as thorium and uranium, are of interest
because they could be recovered from coal ash if they are present in

sufficiently large quantities. Copper, fluorine, zinc, and selenium
differ with the average elemental crustal abundance by more than one
order of magnitude.
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HYDROLOGY

Introduction

The purpose of the study was to determine the premining hydrologic
and geochemical conditions in the Horse Nose Butte Study area and to

provide background data from which guidelines can be developed for

mining and reclamation to minimize the adverse effects of surface
mining. Location of the area is shown on Plates 1 and 2.

Many sources of data have been utilized in the preparation of this

report. A well inventory (Klausing, 1976) provided data on depth,
construction, productivity, and water quality of private wells
adjoining the study area. Test drilling by the North Dakota Geological
Survey and the North Dakota State Water Commission supplied information
on the hydrology, thickness, and extent of the major geologic units
and aquifer systems. Test holes drilled by the U.S. Bureau of
Reclamation supplied cores for petrographic and X-ray analysis.
Wells, test holes, and chemical analyses used in the study are
listed in Tables 13 through 17, Appendix C,

Several unnamed intermittent streams drain the Horse Nose Butte area,
They discharge northward via Slow Creek into Spring Creek, which is a

major tributary of the Knife River. The Knife River flows eastward
and joins the Missouri River near Stanton, North Dakota,

Geologic investigations of interest to the area have been made by

Stanton (1920) and by Benson (1952), The latter report included
detailed mapping in the Knife River basin. Denson and Gill (1965)

also described the regional geology and studied the occurrence of

uranium in the lignite deposits in parts of western North Dakota,

Dingman and Gordon (1954) described the geology and ground-water
resources of the Fort Berthold Indian Reservation, which includes the

northern part of Dunn County. A detailed discussion of the aquifer
systems in adjoining Mercer and Oliver Counties, in the lower part of

the Knife River basin, is available in a report by Croft (1973),

The well-numbering system used in this report (Figure 5) is based on

the federal system of rectangular surveys of the public lands. The

first numeral denotes the township, the second denotes the range,

and the third denotes the section in which the well, spring, or test

hole is located. The letters A, B, C, and D designate, respectively,
the northeast, northwest, southwest, and southeast quarter section,

quarter-quarter section, and quarter-quarter-quarter section (10-acre

or 4-ha tract). Thus well 144-094-15ADC would be located in the

SVlkSEhMk sec. 15, T. 144 N, , R. 94 W,

Geohydrology

Dunn County is near the center of the Williston basin, a broad
structural depression underlying parts of North Dakota, South Dakota,
Montana, Manitoba, and Saskatchewan (Denson and Gill, 1965, pi, 5),
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Figure 5

FIGURE 5„--System of numbering wells and test holes.





The center of the basin contains about 15,000 feet (4,600 m) of

sedimentary rocks ranging in age from the Cambrian through the Quaternary
(Table 18), During Late Cretaceous and Early Tertiary time, compressive
forces folded the rocks into gentle anticlines and synclines.

Regionally, all the beds, from the Deadwood Formation to the White
River Formation, are warped to some degree, However, within the

Horse Nose Butte area, the beds are essentially flat lying.

The aquifer systems that contain water usable for domestic, livestock,

and industrial purposes are those overlying the Pierre Shale
(Table 18), a formation of relatively low permeability. The Pierre
Shale is a dark-gray to brownish-black fissile shale about 1,700 to

2,500 feet (520 to 760 m) thick that yields little or no water to

wells. Thus, for practical purposes, it forms the base of the shallow
and intermediate-depth ground-water reservoirs and is an excellent
stratigraphic marker. Overlying the Pierre Shale are the: (1) Fox
Hills Sandstone, (2) Hell Creek Formation, and (3) Fort Union
Formation. These younger rocks have a maximum combined thickness of

about 2,100 feet (640 m) . In this area the Fort Union Formation can

be divided into four members; the Ludlow, Cannonball, Tongue River,
and Sentinel Butte.

The Fox Hills Sandstone consists of interbedded marine grayish-white
to brown glauconitic sandstone and greenish-gray shale.

The Hell Creek Formation consists of continental dark-gray and brown
lenticular sandstone and clays tone; it is tentatively divided into
three units for purposes of this study. The upper unit is predominantly
sandstone and siltstone an d generally yields water to wells, The
middle unit is characteristically fine grained and is not an aquifer.
The lower unit is similar to the upper unit and together with sand-
stone in the upper part of the underlying Fox Hills Sandstone is

collectively referred to as the Fox Hills and basal Hell Creek aquifer
system, or, in some places, simply as the Fox Hills aquifer. The
cities of Golden Valley, Dodge, Halliday, and Dunn Center obtain
municipal supplies from the Fox Hills and basal Hell Creek aquifer
system. The aquifer system may be a possible source of water for

mining and reclamation in the Horse Nose Butte area. The water from
the Fox Hills and basal Hell Creek aquifer system is generally a

sodium-bicarbonate type and contains about 1,200 mg/l (milligrams
per liter) dissolved solids.

The Cannonball Member is a marine deposit about 400 feet (120 m)

thick consisting of greenish-gray relatively impermeable sandy silt-
stone and claystone that interfingers laterally with the Ludlow Member,
its continental equivalent. The Cannonball Member acts as a confining
unit throughout the Knife River basin, separating the overlying shallow
aquifers from the intermediate-depth aquifers. In adjoining south-
western Mercer County hydraulic heads in aquifers below the Cannonball
Member are about 50 feet (15 m) higher than heads in aquifers above
the Cannonball (Croft, 1973, Figures 14 and 15),
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The Ludlow Member consists of interbedded continental sandstone,
siltstone, claystone, and lignite.

The Tongue River Member consists of continental deposits of Paleocene
Age that overlie the Cannonball and Ludlow Members, The beds are not
exposed in the Horse Nose Butte area, but outcrop in the lower part
of the Knife River basin, in the bluffs above the Missouri River south
of Stanton, and in the northern part of Dunn County along the Missouri
River. The member is about 500 feet (150 m) thick, and consists of

interbedded light-olive-gray to dark-greenish-gray claystone, silt"
stone, fine-grained sandstone, and lignite, The lower part of the
member contains thick crossbedded friable sandstone interbedded with
siltstone and claystone. These thick sandstone units have a hydraulic
conductivity of about 2 ft/d (0,6 m/d) and are potentially a source
of water for mining and reclamation. The hydraulic gradient in the
Tongue River Member, as shown in Figure 6, slopes to the northeast at

about 5 to 10 ft/mi (1 to 2 m/km)

,

The Sentinel Butte Member, the uppermost unit of the Fort Union
Formation, consists of about 500 feet (150 m) of silty fine- to

medium-grained sandstone, siltstone, carbonaceous and bentonitic
claystone, and lignite. The sandstone is generally thin bedded. The
sandstone and lignite beds have an average hydraulic conductivity
of less than 2 ft/d (0.6 m/d). The deposits are exposed throughout
most of the study area, except where the land surface is veneered
with drift. The Dunn Center lignite bed (Figure 7), the lignite unit
of most economic interest in the area, is located approximately in

the middle part of the member. Although farm and domestic wells
obtain adequate supplies of water from various water-bearing sand-
stone and fractured lignite horizons within the Sentinel Butte Member,
no major aquifers are present within the study area due to the low
hydraulic conductivity, small thickness, and short lateral extent of

the sandstone beds and fracture zones in the lignite.

The potentiometric surface of ground water in fracture and joint

systems within the Dunn Center lignite bed indicates that the study

area is located in a recharge area for the local ground-water flow

system and the general movement of water is away from the high ridges
and knolls towards Spring Creek and its major tributaries. The

potentiometric head in the Dunn Center lignite bed is about 100 feet

(30 m) higher than the head in the sandstone in the upper part of

the Tongue River Member (Figure 6), indicating water from the Sentinel
Butte Member is moving downward into the underlying Tongue River
Member (Figure 8)

,

Geochemistry

Water samples from wells in and near the study area indicate that
ground water in the Tongue River and Sentinel Butte Members is

generally a sodium sulfate to sodium-bicarbonate type (Figure 9),
although calcium and magnesium are major constituents in some water
samples from shallow wells. Dissolved solids in eight water samples
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Figure 6
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Figure 7

LOCATION: 144-094-14DCD

•« sample collection depthALTITUDE: 2 328
(FT, MSU

Gamma log

POTENTIAL (MV)

{J

DATE DRILLED: Sept. 1975

DEPTH: 219
(FT)

WEIGHT
RESISTANCE (OHMS) PERCENT DESCRIPTION OF DEPOSITS

ALLUVIUM

0-5 Sand, silty, clayey, brown

SENTINEL BUTTE MEMBER

5-10 Claystone, brown

10 - 13 Lignite

13 - 15 Claystone, silty, brown

15 - 31 Sandstone, fine-grained,
silty, gray

31 - 33 Claystone, brown

33 - 41 Lignite

41 - 70 Siltstone and cliystone,
sandy, gray

70 - 71 Lignite

71 - 83 Sandstone, clayoy gray

83 - 85 Claystone, gray

85 - 87 Lignite

87 - 115 Sandstone, f 1ne-')rained,

silty, qray

115 - 146 Claystone, silty

146 - 153 Lignite

153 - 158 Claystone, gray

158 - 181 Dunn Center lignite

181 - 212 Claystone, silty, sandy,
gray, carbonaceous

212 - 215 Lignite

215 - 219 Claystone, silty

FIGURE. 7 Log Of USBR test hole 75-101





Figure 8
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Figure 9
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Table 18

TABLE 18 -Stratigraphic and aquifer correlation chart
of the Knife River basin

Era System Group Formation/Member Aquifer
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Quaternary
Alluvium

Glacial drift

Tertiary

Ari karee
White River
Golden Valley
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Sentinel Butte
Tongue River
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Pierre
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Dakota

Mowry
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Skull Creek
Fall River
Lakota

Jurassic

Morrison
Swift
Rierdon
Pi per

Triassic Spearfish

U
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o
N
O
01
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Permian
Minnekahta
Opeche

Pennsylvanian Minnelusa

Mississippi an

Amsden

Big Snowy
Heath
Otter
Kibbey

Madison

Charles
Mission Cunyon
Lodgepole
Bakken

Devonian

Three Forks

Saskatchewan
Nisku
Dupe row

Beaverhill Lake
Souris River
Dawson Bay
Prairie
Winnipegosis
Ashern

Silurian Interlake Interlake

Ordovician
Stony Mountain
Red River
Winnipeg

Cambrian Deadwood





ranged from 245 to 3,500 mg/1, however, water in the samples from

the deeper horizons, mainly from the sandstone beds in the lower part

of the Tongue River Member, are lower in sulfate, calcium, and magnesium
and have a smaller range of dissolved solids. Presumably, sulfate is

reduced and calcium and magnesium are replaced by sodium as the water

percolates downward.

Water and oxygen moving through the planned spoil banks will react

with pyrite present in the lignite to form sulfuric acid, as shown in

Figure 10. Because spoil banks are much more porous and permeable
than the original overburden, the process after mining will be much
more rapid than is presently occurring. The acid formed will immediately
react with calcite and dolomite in the aquifer matrix (Figure 7 and

Table 19) resulting in water with increased dissolved solids concen-
tration and saturated with calcium-magnesium bicarbonate and calcium-
magnesium sulfate.

Much of the clay in the aquifer matrix is montmorillonite (Table 19),
which has a high capacity to exchange calcium and magnesium for

sodium; therefore, most of the calcium ions in the ground water will
be exchanged for sodium ions as shown by soil saturation extracts from
spoil banks and the aquifer materials analyzed by Sandoval, and others

(1973, p. 12). The extracts were a sodium-sulfate type and had high
electrical conductivities,

The water in the shallow aquifers and streams downgradient from the

proposed mine area may be expected to increase in dissolved solids
concentration within a period of several years after mining begins.

The problem is complicated by the fact that the geochemical processes
will continue long after mining ceases. The increase in dissolved
solids in the water will be mainly the addition of sodium and sulfate
ions. Analyses of data from Sandoval and others (1973) and information
generated by the computer program WATEQ (Truesdell and Jones, 1974)
suggest that the maximum dissolved-solids concentration that will be
present downgradient from the mine in the Horse Nose Butte area will
be below 6,500 mg/1. In addition, X-ray analyses of the silt and
clay (Table 19) indicate that samples from shallow depths in the
Horse Nose Butte area contain gypsum. Gypsum is also present in
many exposures of weathered lignite examined in the area. Because
gypsum is readily soluble, it will be dissolved, carried to the water
table, and discharged to nearby streams, mine ponds, and lakes. Much
of the calcium will be exchanged for sodium in the process.

At the Horse Nose Butte Study area leachates from spoil banks will
migrate downgradient in the shallow ground-water system toward discharge
points along Spring Creek (Figure 8) and into the underlying Sentinel
Butte and Tongue River Members.

The chemical composition of water in Spring Creek, downstream from the
Horse Nose Butte area, varies with discharge. When flow in the stream
consists mainly of runoff (Figure 11) during periods of heavy
precipitation the dissolved-solids concentration is low. Discharge
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is low and dissolved-solids concentration high when precipitation and
runoff are small such as during late fall and winter. The high
dissolved-solids concentration in Spring Creek during periods of low
flow is due to a mixture of water discharged from glacial drift and
from the Sentinel Butte Member (Figure 8) . The water is high in sulfate
(Figure 9), dissolved solids, and is chemically similar to shallow
ground water from the study area. The drift and alluvial aquifers
downstream from the Horse Nose Butte Study Area adjacent to Spring
Creek and the Knife River will be little affected by mining because
they are discharging into Spring Creek.

Sur face-Water Hydrology

The study area lies almost wholly within the Slow Creek drainage basin.
The basin has a drainage area of 26,7 mi (69.2 km ) . It is tributary
to Spring Creek, which is the largest tributary of the Knife River,
Runoff in Slow Creek and its tributaries is intermittent, responding
to snowmelt and/or thunderstorms, with short periods of rapid runoff,
The main channel slope is about 4.7 ft/mi (0.89 m/km)

.

Statistical methods based on gaged areas indicate a mean annual flow
of 1.3 ft /s (0,037 m3

/d) at the mouth of Slow Creek (Crosby, 1970).
This indicates, even with total storage, about 1,000 acre-feet/yr
(1,2 hm-Vyr) of water would be available for reclamation. It indicates,
also, that if internal drainage and storage are established through
mining there would be a loss of 1,000 acre-feet/yr (1,2 hm /yr) to

Spring Creek. This could be about 10 percent of the flow in Spring
Creek at the mouth of Slow Creek. Interception of the water in Slow
Creek could have a detrimental effect on water quality in Spring Creek
because snowmelt and thunderstorm runoff in the Slow Creek basin has
a lower total dissolved-solids concentration than the base flow of Spring
Creek.

The flood magnitude at the mouth of Slow Creek with a 0.10 probability
of being exceeded would be 970 ffVs (27,5 m-Vs) and with a 0,02

probability of being exceeded would be 2,100 ft /s (59,5 rnVs; Crosby,

1975) . A review of maximum known discharges in relation to drainage

area indicates a peak flow of about 35,000 ft^/s (991 m3/s), or

1,300 (ft 3 /s)/mi 2
/J4.2 (m3/s)/kmf/ for an area the size of the Slow

Creek basin. This represents a flood with a probability of being

exceeded considerably smaller than 0.01.

Availability of Water for Reclamation

Slow Creek and even Spring Creek would be inadequate sources of water
for extensive reclamation. The only reliable surface-water source
would be from the Little Missouri River area of Lake Sakakawea about
14 miles (23 km) north.

Small quantities of water are available from the shallow ground-water
system in the Dunn Center area; however, this source may be inadequate
for extensive reclamation. The Fox Hills and basal Hell Creek aquifer
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Figure 10
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system may be used as a source of water for small-scale reclamation;

however, its use may be limited because of unsuitable quality.

Conclusions

1. The Horse Nose Butte Study area is located in a recharge area
for the shallow local ground-water flow system,

2. Ground-water flow from the study area is towards lowland
areas along Spring Creek and its tributaries,

3. Due to the low permeability and small thickness of sandstone
beds, the study area contains no major shallow aquifers.
Fracture zones in the lignite will supply small amounts of

water to farm wells, but the lignite beds generally are not

significant aquifers,

4. Water and oxygen moving through the planned mine spoil

banks will react with pyrite and form sulfuric acid, which
will immediately react with calcite and dolomite contained
in the aquifer matrix, resulting in a calcium-magnesium
sulfate-type water. Generally the dissolved solids concen-
tration will be below 6,500 mg/1. Ion exchange on clay
minerals will produce a sodium-sulfate water-type that will
move downgradient toward discharge areas,

5. Gypsum present in the spoil banks will be readily dissolved
and will cause an increase in the sulfate content in the
ground water downgradient from mine sites,

6. Deep aquifers are protected from direct contamination from
the mining by the relatively impervious Cannonball Member
in the Fort Union Formation and by confining beds in the Hell
Creek Formation.

7. Due to the low hydraulic conductivity of the aquifer materials,
water-level changes due to strip mining in the Horse Nose Butte
area will be limited to an area with a radius of about 1 mile
(1,6 km) of the mine site,

8. Short-term geochemical effects will be limited to mine ponds
and lakes at the mine site. If these surface-water sources
are discharged to tributaries of Spring Creek, an increase in

dissolved solids will occur at low flow.

9. The long-term geochemical effect will be an increase in dissolved
solids in water from the local flow system downgradient from
the mine site.

10. Small quantities of water are available from ground- and
surface-water sources in the Dunn Center area; however, the
only reliable water source for an extensive reclamation is

from the Little Missouri River area of Lake Sakakawea.
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VEGETATION, SOIL WATER AND SOIL DETACHABILITY

Vegetation

The vegetation as shown on Plate 23 is classified as mixed prairie
and has a mixture of mid grasses, short grasses, and some tall grasses.
Tall grasses are found only on sandy soils and sites with run-in
moisture (Sites 3, 4, and 5 in Table 20). Sloughgrass, little bluestem,
and prairie sandreed are the only tall grasses present. Saline lowlands
(Sites 2 and 5 in Table 20) typically have mixed stands of western
wheatgrass, alkaligrass, sloughgrass, and saltgrass. Medium textured
soils of uplands, present on most of the study area, have mixed stands
of mid and short grasses. Blue grama is the most abundant short grass
but sandberg bluegrass and buffalograss are present in minor amounts.
The most abundant mid grasses include western wheatgrass, junegrass,
and needle-and-thread. These grasslands are generally in good to

excellent condition with little evidence of deterioration due to grazing.

These grasslands are productive and have estimated carrying capacities
ranging from 0.7 to 1.8 acres per animal unit month. An estimated
10 sections (6,400 acres) would be required to support a 300 animal
unit ranch. Estimated carrying capacities are shown in table 20.

They are based on oven-dry yields from two 9.6 ft^ plots placed at

the ends of each 50-foot vegetation transect. A commonly used "rule-
of-thumb" considers "proper use" to be 50 percent of the annual
production. This figure was adjusted to 40 percent to account for

factors such as distance to water and steepness of slope. Additional
adjustments were made for species of low palatability

.

Soil-Water-Vegetation Relationships

Water relationships in soils associated with native vegetation types
that occupy undisturbed parts of the Horse Nose Butte Study Area were
defined: first, to identify soil parameters essential to the occurrence
of the natural plant communities; and second, to derive useful infor-
mation for rehabilitation if coal resources are removed by surface
mining. Factors affecting the availability of water are primarily
responsible for kinds and amounts of vegetation that occur naturally
on these rangelands. It is essential to understand these factors if

optimum results are to be achieved as a result of rehabilitation
efforts. All of the soil moisture and related data collected for this

study appear in Appendix D, Table 21.

Seasonal patterns of precipitation influence levels of moisture
storage and depletion in soils of the area. Only 28.5 percent of the

total precipitation normally falls over the period, October through
April, when snow is most likely to accumulate. Average annual
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Plate 23

R.94W.

T.

145

N.

EXPLANATION

Mixed grass. This extensive upland type has mixed stands

of mid and short grasses. The most abundant species are

western wheatgrass, blue grama, needle-and-thread, and

junegrass (site 1, table 20).

Western wheatgrass-alkaligrass . This type is found on

moist and salty lowlands. Additional species present

are green needlegrass and saltgrass (site 2, table 20).

Prairie sandreed . Other species present in this type

include little bluestem, stonyhills muhly, Pennsylvania
sedge, and blowout grass (sites 3 and. 4, table 20 )

.

Sloughgrass . Well-watered lowlands, mainly in channels,

have stands characterized by sloughgrass, saltgrass,

fowl bluegrass, and western wheatgrass (site 5, table 20)

Western wheatgrass . Most intermittent stream channels

have a cover that is predominantly western wheatgrass.

Haylands

.

Cultivated croplands.

• Locations of vegetation and soil sampling sites.

— Study area boundary.

VEGETATION MAP OF HORSE NOSE BUTTE STUDY AREA—NORTH DAKOTA, 1975
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precipitation reported for Dunn Center, the nearest station to the

site, is 4.14 dm (16.3 in.), so a total of 1.12 dm (4.4 in.) can be

assumed to arrive as snow. Snow falling on the area is redistributed

by winds. As a result, snow accumulates in low areas and behind

obstructions. There is evidence that maximum levels of storage

occurring in soils is influenced by quantities of windblown snow

that characteristically accumulate. Moisture depletion starts with
the initiation of plant growth. Storage is typically maintained at

high levels during May, June, and July as a result of frequent rains

that yield approximately 2.16 dm (8.5 in.) of water. Maximum levels

of storage probably occur at the peak of the rainy season in June.

Storage is then depleted to minimum levels during August and September.

Late summer storms occasionally replenish moisture storage to various
levels. No storms of any great magnitude occurred during the summer
of 1975 before soils associated with vegetation types were sampled in

early September. Therefore, minimum levels of storage measured should
be indicative of the relative capabilities of vegetation to deplete
moisture from soils.

Voids available for infiltration of water to depth in soils are the

result of maximum levels of wetting that have been achieved within a

period of many years. Void moisture capacity (VMC) values are computed
from volume weight (VW) values, assuming that the average specific
gravity of soil particles is 2.65 g/cnw. The mathematical relationship
used is: VMC = VVW - 1/2.65. Differences in maximum levels of wetting
achieved with increasing depth are interpreted from void moisture-
capacity values.

Moisture-retention capability (MRC) values indicate quantities of water
adsorbed to surfaces of soil particles. Moisture-retention capability
(MRC) is the water content of the soil when the adsorptive force
exerted on the water by the soil particles is 220 gm/cm^ (.22 bar.).
The concept of moisture-retention capacity is similar to that of "field
capacity" in that drainage is practically ceased at this retention
force, but moisture-retention capability is more specific because it is

based on the amount of adsorptive surface in a soil. There is evidence
that 10 molecular layers of water are adsorbed (Michurin and Lytayev,
1967) at the moisture-retention capability level (see Figure 12).

Under conditions where the moisture content is less than the moisture-
retention capability, water is retained only as adsorbed films, with
each film being one molecule thick.

If drainage is impeded, water accumulates in soil, first, as adsorbed
films up to a maximum of 16 molecular layers. Water then accumulates
as capillary water on top of the adsorbed water until the soil becomes
saturated (see Figure 12). After recharge ceases, capillary
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water drains slowly to depth, then the outer six layers of adsorbed
water, which are held by small retention forces, also drain, and
the remaining water is held at the moisture-retention capability level.

Water retained by capillary forces can be present to a maximum of
222 cm above a water table or a saturated zone above an impermeable
layer. The maximum retention force is lO^'-*^ or 222 g/cm^. For each
centimeter in height above the water table, the retention force
increases 1 g/cm . Ten molecular layers of water are adsorbed to

particle surfaces at the limit of capillary rise; 16 molecular layers
of water are adsorbed beneath water retained by capillary forces 1 cm
above the water table.

The moisture-retention force increases 2.46 times as each of the 16

molecular layers adsorbed to the surface of soil particles is

desorbed (removed) . The retention force is 1 g/cm2 when 16 molecular
layers are adsorbed increasing to 2.46 g/cm2 when 15 molecular layers
remain adsorbed. The retention force progressively increases to 6.05,
14.89, 36.64, 90.2 and 222 g/cm^ as the surface of the fourteenth
through tenth molecular layers of adsorbed water are exposed. The
magnitude of the last increase in sorption force explains why the
tendency for water to drain to depth decreases drastically at the
moisture-retention capability level.

The fact that the sorption force increases 2.46 times as each consec-
utive molecular layer of water is desorbed means that the increase in

force is proportional or exponential. The exponent or logarithm of

the sorption force expressed in g/cm2 increases bv uniform increments
of 0.39 as each consecutive molecular layer of water is desorbed (see

Figure 12). Expressed exponentially the sorption force increases
progressively from 10° to 10 - 39 to 10°- 7 8 to 10 1 - 17 to 10!-56 t0
-LqI.95 to -lqz.jA as each consecutive molecular layer of water drains
off until ten molecular layers of water remain adsorbed at the moisture-
retention capability level.

Moisture-retention forces existing at the time soils were sampled were
measured using the wide range "filter paper" method of McQueen and
Miller (1968) . The retention force or moisture stress is determined
from the moisture content of standard filter papers when they are at

moisture equilibrium with the soil.

Moisture contents of soils from saturation to oven dryness and the

related retention forces can be computed, if the stress at any level
where between 3 and 10 molecular layers are adsorbed has been measured,
using the graphic modeling technique of McQueen and Miller (1974).
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Quantities of capillary water in excess of adsorbed water can also be

approximated if the saturation moisture capacity is measured. Criteria

for saturating soils, prescribed by Richards and others (1954) were

used in this study.

Moisture-retention characteristics of soils with saturation-moisture-

capacity (SMC) values of 10, 20, 30, 40, 50, 60, 70, and 80 percent

are illustrated in Figure 12. Saturation-moisture-capacity and
moisture-retention capability values used to define these lines were
derived from the relationship illustrated in Figure 12. Lines repre-

senting adsorbed moisture were extended down from 10"* 25 on the vertical
axis through points defined by the moisture-retention force of 10^*^
g/cm^ and the water content at the moisture-retention capability of

each soil. These lines represent variations in moisture-retention
force with variations in moisture contents in the soils. Assuming a

change of 0.39 in the exponential value of the force for each layer
of water, the number of molecular layers adsorbed to particle surfaces
can be discerned (see Figure 12). Variations in moisture contents as

capillary forces decrease from the moisture retention capability level
to saturation were approximated by sketching in lines, as illustrated,
using a french curve. Quantities of capillary water can vary between
the lines representing adsorbed and capillary water (Figure 12) . The
curved lines represent maximum probable quantities that can be retained
by capillary forces.

Soils contain an extra increment of water retained at high levels of

stress. This water is contained within the structure of clays, and is,

therefore, defined as structural water. Quantities of structural water
are approximated by extending lines down from 10'*"0 on the vertical
axis to the point representing moisture content at a retention force
of 10->«00 g/cm^ on lines representing adsorbed water (Figure 12). As
soils dry the water contained within the structure of clays can be
depleted. This water must be replenished when soils are rewetted.
If this increment of water is not considered in computations, the
computations will be slightly in error.

Linear relationships between water content of soil at saturation and
moisture retention capability (MRC) used to define the graphic model
in Figure 12 are presented in Figure 12. The data also permitted
definition of a single linear relationship between water control at
saturation and volumetric shrink, which is illustrated in Figure 12.

Soils in the area have relatively high swell-shrink capabilities.
This is reflected in the model (Figure 12) by the progressive increase
in capillary water capacity relative to the adsorption capacity as the
retention capabilities of the soils increase. Capillary water content
is a maximum at saturation, which is an index of maximum void-moisture
capacity.
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Under field conditions it may not be practical to directly define the

moisture-retention capability of soils from moisture content and
moisture stress data as prescribed by Miller and McQueen (1974).

Because of this, an indirect field method has been devised which does

not require drying of the soil. Soil sampled at field moisture content
can be saturated and its saturation-moisture content determined from
the weight per unit volume of the saturated soil as illustrated in

Figure 13. The relationship in Figure 13 and the relationship between
moisture content at saturation and moisture-retention capability in
Figure 12 can be combined to permit approximation of moisture-retention
capability from weight per unit volume of saturated soil, as is illus-
trated in Figure 13.

Site Studies

Five distinct types of native vegetation were recognized on the study
area and representative sites were selected for sampling the vegetation
and the soils. All of the soils data collected at these sites are
presented in Table 22.

The amounts of moisture that can be stored in the profiles between
moisture-retention capability (MRC) levels and minimum levels of storage
in September 1975 were computed (see Figure 14) . This so-called
"rechargeable-moisture capacity" is not necessarily even proportional
to the quantity of water available to plants from a given soil. In the
upper parts of the soil profiles where void-moisture capacities exceed
moisture-retention capabilities, computed rechargeable-moisture
capacities could logically be exceeded for periods of time. Moisture
present in this portion of the voids would subsequently drain to depth
or be evapotranspired in place. Plants would have to exert less energy
per unit of water adsorbed to use water in excess of retention capability
as compared to periods where soil moisture storage is depleted below
moisture-retention capability levels. Ready availability of water at

minimal energy levels during the spring rainy period is probably why
grasses predominate in this climate region. This is also the reason
why native vegetation has been replaced by cultivated crops on the

better drained soils in the area.

The little bluestem-prairie sandreed type (Site 3, Plate 23, Table 20

and Figure 14) occurs on the tops of hills where medium- to fine-
textured soil is underlain by finer materials, that apparently impede
drainage. Accumulations of water above the impeding material and
subsequent dryings have apparently resulted in voids capable of holding
2.7 dm of water (Figure 14). Thus, there is evidence that water is

retained, at least temporarily, at levels of stress less than 10^*34 or

222 g/cm*. The 1.27 dm (.20 + .85 + .22) of water depleted between
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Table 22

Table 22 —Ranges of tolerances of species and the diversity of
vegetation as affected by maximum soil moisture-retention force

X indicates presence of a species

Site Site Site Site Site
Grasses and Sedges 14 3 5 2

Sandberg bluegraps X X

Blue grama X X X

Junegrass X X X

Western wheatgrass X X X X

Needle-and-thread X X X X

Prairie sandreed X X

Stonyhills rauhly X X X

Threadleaf sedge X
Pennsylvania sedge X X X

Slender wheatgrass X

Little bluestem X

Blowout grass X

Saltgrass X

Fowl bluegrass X

Sloughgrass X

Kentucky bluegrass X

Alkaligrass X

Green needlegrass X

Maximum moisture-
/cm2 „. F7 k^ ^^^ lo3<81 1q2#61

retentxon force





moisture-retention capability levels and minimum levels of storage

in Figure 14, therefore, is an underestimate of the amount of water

that can be stored in this soil before runoff occurs. Tall grasses

like little bluestem and prairie sandreed probably occur here because

considerable water is available at low moisture-retention levels

during the major growth period.

A maximum of 3.97 dm (2.70 + 1.27) can enter the soil between minimum
levels of storage measured and complete saturation of voids. This

is approximately equal to the average annual precipitation of about
16 inches. Normally not enough precipitation will have arrived by the

end of June to fill all of the voids. Normal depletion by evapotrans-
piration could easily prevent enough moisture accumulating even in

wetter years to result in much runoff. Exceptionally heavy storms,
however, could exceed the infiltration rate and result in runoff.

The prairie sandreed-blue grama type (Site 4, Plate 23, Table 20 and
Figure 15) also occurs on hilltops. Moisture-retention capabilities
of the surface materials are similar to those at Site 3. There is

less impedance to drainage in this soil, so more water penetrates to

horizon 3 and the subsoil. This results in storage at moisture-
retention capability even at 14 dm deep (Figure 15). Vegetation must,
therefore, exert more energy to desorb water than in the previous soil
where "perched" water is available at lower levels of moisture sorption
force. This no doubt accounts for the presence of blue grama, a short
grass, with prairie sandreed. On the basis of decreases in moisture
stress with increasing depth, it can be assumed that blue grama
depleted moisture from the surface soil, while prairie sandreed obtains
moisture mostly at greater depth where it is available at lower levels
of stress. Water retained at moisture-retention-capability levels was
still present at the base of the profile near the end of the growth
period (Figure 15).

Comparison of data derived from the two sites indicates that productivity
could be increased by replacing soil materials in a manner that results
in "perching" of water in the upper meter (40 in.) of soil. A yield of

1,011 lb/acre was derived where "perched" water was utilized (Site 3)

as compared to 653 lb/acre at this site where drainage to depth and
storage at moisture-retention-capability levels occurred.

A total of 3.25 dm (1.53 + 1.72) of water is capable of being stored
in this soil, between minimum levels of moisture storage and void
moisture capacity (Figure 15). It is not likely that runoff will occur
from soils associated with this community under normal precipitation
conditions. Runoff could occur if more than 1.72 dm (6.77 in.) fell
in a short period of time in June when moisture-retention-capability
levels are probably achieved at all depths in this soil.
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The western wheatgrass-blue grama type (Site 1, Plate 23, Table 20

and Figure 16) covers large portions of the uplands with coarse- to

medium-textured soils. Apparently, large areas formerly occupied
by this type are now under cultivation. Voids capable of holding
more water than can be retained at moisture-retention-capability
levels are present in the upper 7 dm of soil (Figure 16) . At least
1.97 dm (7.75 in.) would be required to saturate the void space that
is in excess of retention capability levels. An exceptional storm
would be required to produce runoff from lands having this native
cover.

Here, as at Site 3, finer material occurs beneath coarser surface
soils. The large volume of voids in this surface soil indicates that
"perched" water is, on occasion, present in this soil. The beneficial
influence of "perched" water on the force required to remove water is

reflected by the fact that yields of 937.5 lb/acre were achieved. If

this land is disturbed for mining purposes, it will be essential to

replace materials in the same order they were removed if the benefits
of temporarily "perched" water are to be derived. This soil, however,
does not get as wet below depths of 7 dm as soils at the other four
sampling sites. Also, the mid and short grasses of this site have
more completely depleted moisture stored in the soil (Figure 16) than
tall grasses were capable of doing in the zones of the other soils
where their roots predominated. Because with their greater ability
to desorb moisture to higher levels of moisture-retention force, they
should be able to withstand drought better than tall grasses.

The sloughgrass-saltgrass type (Site 5, Plate 23, Table 20 and Figure 17)
occurs in drainageways that carry runoff from the uplands. This type
is of minor importance in the area. Void-moisture capacities closely
approximate moisture-retention capabilities throughout the soil. This
is probably the result of "slacking" action, causing particles to

settle closer together, as a result of prolonged flows of water. As a

result, there is little space for air after moisture-retention capability
levels have been achieved. This could be the reason why marsh vegetation
tends to predominate in this type. Water is stored at moisture-retention
capability levels even at depths below 11 dm. These reserves of moisture
could be used by vegetation during drought periods. Mid grasses present
in this type could probably survive best under drought conditions.

The western wheatgrass-alkaligrass type (Site 2, Plate 23, Table 20

and Figure 18) predominates on wide relatively flat lowlands that are

drained by shallow channels. These areas are characterized by the

presence of a water table. At the site sampled there was evidence that

the free water surface approaches close enough to the surface for water
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rising from it by capillary action to moisten the surface. The large

proportion of voids provides evidence that the whole soil column may

become saturated in wet years. These wet areas are used primarily

for pasture.

If improved drainage to depth results from the disturbance caused by
mining, these wetlands could be drained. Under these conditions
mid grasses and short grasses that occur within the type would probably
survive. Drainage would also make these lands available for crop pro-

duction. The coarse- to medium-textured alluvium stored in these
bottom areas could be used beneficially as topdressing over finer
materials if the benefits of "perched" water are desired.

The maximum soil moisture-retention forces shown at the bottom of

Table 22 are profile averages obtained by sampling near the end of

the growing season when most of the soil moisture was depleted. The

data show that the seven species at the top of the list can survive
over a wide range of maximum-moisture retention forces. These species
normally occur on uplands in semiarid areas. The six grasses at the

bottom of the list are normally found on moist lowland areas. The
data also show that there is a progressive blending (increasing
diversity) of the semiarid upland species and moist lowland species
as the moisture-retention-force values decrease.

Several conclusions can be drawn from the data in Table 22 with
reference to adopted species for rehabilitating mined areas. First,
the six grasses at the top of the list are more drought tolerant than
the other species and are more suitable for use on upland areas.
Second, these same species occur on moist lowland areas and could be
used along with lowland species, such as the last six species listed,
to diversify the vegetation there. The sedges and grasses in the
middle of the list (threadleaf sedge through blowout grass) have
fairly specific moisture requirements and would only be suitable for

seeding upland sites where soil moisture is plentiful, such as on
gentle northern slopes or on soils that have coarser material overlying
a fine-textured layer that impedes drainage.

Summary and Conclusions

Vegetation in the Horse Nose Butte area is dependent primarily on
water from snowpacks in addition to precipitation falling in May, June,
and July. All of the soils interact similarly with water, and thus
fit a single linear relationship between moisture content at saturation
and moisture content at the retention-capability level (Figure 12).

This permitted development of a single family of linear relationships
between moisture content and moisture-retention force for soils with
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different saturation moisture capacities (Figure 12). Data obtained

from study sites were used to define a linear relationship between

weight per unit volume of saturated samples of soil and their moisture

content at saturation (Figure 13). The two relationships were combined

to permit approximation of moisture-retention capability from the

weight per unit volume of saturated soil (Figure 13). This will permit

evaluation of moisture-retention capability of soil materials under
field conditions.

All the soil materials studied are quite capable of producing a good
cover of vegetation. The humic surface soil has greater aggregate
stability than subsoil and an established microbiological community
which make it the most suitable material for covering the reshaped
terrain following mining. Doing that will facilitate resestablishment
of voids essential to infiltration and storage of precipitation. There
is a tendency for replaced topsoil materials to be compacted, so
artificial wetting to reestablish the proper distribution and proportion
of voids may be required. This would no doubt happen naturally over a

period of a decade, but increased runoff and erosion will result if

the required void space is not established by temporary, controlled
irrigations or by holding natural precipitation on the surfaces in

furrows or pits. Measurements of volume weight can be used to determine
if void capacities now present in soils have been reestablished. The
volume weight data presented in this report can be used as standards
of comparison.

The present hydrologic equilibrium will be reestablished if soils
materials are replaced at similar slopes in similar topographic
positions from which they were removed. This includes replacing
materials in the same order and the same thickness at which they
naturally occur. Present mining plans and procedures will not provide
this level of stripping, storage and placement control. A minimum of

9 dm or 3 feet of the medium-textured silt loam is required to store
normal amounts of winter and spring precipitation under low runoff
conditions. A greater depth of soil material would permit storage of
greater than average amounts of precipitation when they occur.
Creation of sufficient void space by artificial wetting would insure
penetration and storage of water from larger than normal storms.

Both upland and moist lowland vegetation species occur on sites where
the level of stress required to desorb water is lowest (Sites 2 and 5,

Table 22). In other studies in Rocky Mountain States, the stress
exerted per unit of water desorbed was less in coarse soils than in
finer soils with higher moisture-retention capabilities. Both in this
and other investigations less sorption force is required per unit of
water desorbed if conditions force water to accumulate in films thicker
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than the 10 molecular layers associated with the retention-capability

level. This could result if the correct amounts of material with low

moisture-retention capabilities (less than 20 percent by weight) are

replaced over materials with higher moisture-retention capabilities.

Relationships presented in this report can be used to determine the

required depths of materials.

Greater depths of soil will be required to store water derived from
precipitation if agricultural practices involving fallowing are
planned after mining and rehabilitation. The depths of soil required
will have to be established from evidence obtained on cropped lands

by the Bureau of Reclamation and Soil Conservation Service. Under
premining conditions, soil horizons may still reflect the influence
of natural moisture regimens that dominated the area for thousands
of years before modern agricultural practices were introduced to the
area. Deeper moisture storage resulting from fallowing should be
evident as lower volume weights at greater depths in soils. If

adequate volume weight data are not available, such measurements
should be made prior to removal of soil materials.

Infiltration and Soil Detachability

Soil erosion and sediment production involve the interaction of two
sets of forces. One set of forces, the erosive agents, cannot be
forecast for any given time period at a given site except as proba-
bilities based on past records. The other set of forces, the ability
of the soil to resist the actions of the erosive agents, can be
defined by properly designed laboratory and field tests.

Detachment and transport of sediment in runoff can occur only when
the rate of rainfall (or snowmelt) exceeds the rate of infiltration.
Therefore, the infiltration rate of the soil becomes a definable
parameter of the erosive forces. If infiltration relationships are
known, estimates can be made for the magnitude of storm that will
produce runoff and erosion.

Infiltration rates on mined areas will be different from rates
measured on undisturbed areas under native vegetation. Soil structure
and root channels that aid infiltration will be destroyed and poros-
ities of the soils will be reduced because of packing by machinery
used to replace and reshape the soils. As new vegetation becomes
established during the rehabilitation period, high infiltration rates
may gradually be restored.

Disturbed hydraulic conductivities, reported on Plates 27 through 32,
approximate the infiltration rates expected during rehabilitation.
The mean of these values is 1.96 cm/hr. Therefore, runoff and erosion
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can be expected from many of the storm events that may occur during

rehabilitation. Areal distribution of disturbed hydraulic conduc-

tivity classes are shown on Plate 24. These are based on the mean
disturbed hydraulic conductivities for 117 soil profiles.

Some form of surface treatment should be applied to retain precipi-
tation where it falls until it can infiltrate into the soil. Contour
furrows with check dams such as those produced by the "Arcadia
furrower" (Branson, Miller and McQueen, 1966) would be satisfactory
as would be gouger pits (Sindelar and others, 1974).

Susceptibility of soils to erosion by flowing water was determined
in the laboratory by subjecting samples to controlled erosion forces
and measuring the rates of detachment (McQueen, 1961) . This procedure
does not predict actual sediment production from the wide range of

erosion events that occur at a site but it does define relative
detachability of individual soil samples. Remolded samples were used
in these tests to simulate the condition of the soils after mining.
Data for detachability of individual samples from vegetation and soil
sampling sites shown on Plate 24 and are included in Table 21 in the

appendix.

Detachability of soil particles appears to be influenced by the
concentration of humus and roots. Surface soils with high organic
matter and root concentrations are less susceptible to erosion than
deeper soil horizons (see Figure 19). Soils with shallow organic
horizons such as Sites 3 and 4 or with stratified layers of clay and
sand such as Site 1 do not show the same pattern of detachability with
depth (see Figure 19) . The organic surface horizon with low detach-
ability rates is thickest for Site 1, probably because water from
upslope that infiltrates the soil is rich in organic substances.

Erosion during reclamation of these lands can be minimized by replacing
the soils in topographic locations similar to those before mining with
present surface horizon materials on top.

SEDIMENT YIELDS

The sediment-yield values presented for this area were derived using
a numerical rating method developed by the Pacific Southwest Inter-
Agency Committee (PSIAC) (1968) and have been judged to be reasonably
accurate but they have not been verified by actual field measurements.

The mapping unit that is the basis of this sediment-yield evaluation
is the source area, which is defined as a small relatively homogenous
watershed area that is part of a complete drainage basin. Delineations
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Plate 24
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of the source areas resulted in the map shown on Plate 25. The

primary factor used in delineating a source area is landform type.

The PSIAC method is used to assess the hydrologic variation of the

given landforms as well as to make estimates of sediment yield from

them. Numerical ratings are assigned for each of the nine factors

of the PSIAC method to representative source areas in accordance with

the degree of influence each factor has on the sediment yield from

the area. These nine factors are surface geology, soils, climate,

runoff, topography, ground cover, land use, upland erosion and

channel erosion and sediment transport. The method was developed
to make broad sediment yield classifications for large areas, such
as river subbasins, but Shown (1970) found that the method provides
reasonable estimates for small drainage basins. In applying the

method on source-areas, some adjustments in the PSIAC method are

made because a complete drainage system is not being considered.
Fan and flood plain development are not considered in the topography
factor, and sediment transport capabilities are not considered for

channels that originate in upslope source areas, that cross through
the source area being rated. These factors are taken into account
by the sediment conveyance factor (SCF) which is multiplied by the

weighted average source-area sediment yield to obtain the sediment
yield from a drainage basin.

The scheme used to develop the sediment-conveyance factors was based
on one used previously by Frickel, Shown, and Patton (1975). The
scheme considers the effects on sediment transport of various con-
ditions such as (1) channel width and gradient, (2) whether the
channel is gullied or not, (3) size of the bed material, and type
and density of vegetative cover on the channel bed, (4) intermittent
gullies in the channel system, (5) evidence of deposition in the
channels and the occurrence of alluvial fans, and (6) deposition on
bottomlands where flows spread either naturally or because of manmade
impoundments or diversions of water. Several of these conditions and
drainage basins to which they apply are shown on Plate 26. The
primary consideration used in assigning a SCF to a basin, on the
study area, was the percent of total channel length that exists as
raw gully. Table 23 shows the assigned SCF's and associated basin
sediment yield for six basins on the study area. Basin E with no raw
gullied channel was assigned a SCF of .5 while Basin D with 26 percent
raw gullied channel was assigned a SCF of .9. The SCF's were adjusted
downward for Basins A, D, and F in accordance with their sizes because
sediment delivery usually decreases as drainage area increases. SCF's
vary among the basins but tend to be moderately high. The probable
reason for this is that most of the material available for sediment
transport is silt and clay which have been detached by raindrop splash.
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This fine-grained material is easily transported by minimal flows.

It should be emphasized that the SCF's assigned to these basins are

site specific and extreme caution should be used if the SCF values
are extrapolated from this site.

Interpretations of aerial photographs (1:22,000 scale) were used to

extend the source-area sediment yield estimates to those areas that

were not actually rated in the field. The aerial photographs were
also used to classify all channels that were larger than about third
order using Strahler's (1952) system of ordering. The slope data shown
on Plate 25 were obtained from 1:24,000 USGS topographic quadrangles.
The percentage of bare soil was measured by the first-contact-point
method within selected vegetation types on the site, and estimates
were made for the remaining types with the aid of the aerial photographs.
Percent bare soil will vary seasonally particularly on the cropland.
Vegetative cover on the rangeland is generally excellent, ranging from

90 to 100 percent in September 1975.

Results and Discussion

Source-area sediment yields for the study area as shown on Plate 25

are low to moderate, largely a result of the gently rolling nature of

the terrain and the excellence of the vegetative cover. Values range
from none in the bottomlands to about .4 acre-foot per square mile per
year in the area where cropland comprises more than 50 percent of the

source-area type. The sediment yield from the cultivated land is greater
than from the rangeland and hayland because the soil is tilled and

because there is little vegetative cover on the soil part of the time.

Data shown in the explanation of Plate 25 indicates little correlation
between estimated annual source-area sediment yields, and average
source-area slope. The probable reason for this is the general lack
of variation of slopes among the source-area types and the excellent
cover on even the steepest slopes.

Approximately 74 percent of the total channel length of the mapped area

is healed or stable gully, 10 percent is untrenched channel, and

1 percent is aggrading channel with only 15 percent raw gully based
on the data shown in Table 24. These data indicate that channels are
not important sediment contributors on the study area. There are

headcuts present in some of the channels (Plate 26) but their advance
appears to be very slow.

Basin sediment yields in the study area are low based on the estimates
made for seven watersheds on and near the study area (Table 23 and
Plate 26). This is the result of low source-area sediment yield and
deposition along watercourses as discussed previously. The computed
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Plate 25

EXPLANATION
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Plate 26

EXPLANATION
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sediment conveyance factors (SCF's) shown in Table 23 are less than

one (1.0) which indicates the study area, as a whole, is in a

depositional phase of morphological development. The morphological

cycle consists of a period when deposition is dominant within a

basin followed by a shorter period when erosion and transport of

sediment from the basin are dominant . Due to a complex of variables
such as excellent ground cover, soil conservation practices, low

drainage densities, low sediment availability, and the current
climatological regime, sediment is being trapped within the basins.
Much of this entrapment is occurring in the aggrading, healed gully
(vegetated beds) and untrenched reaches of channels as well as on the
low, narrow terraces along Slow Creek. Sediment is also being
deposited in the few stockponds of the area.
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SOIL

Soil and Bedrock Material

Description of Principle Soil Bodies

The soils of the Horse Nose Butte Study area can be placed in three
major categories based primarily on their parent material, mode of

development, and land form. These are: (1) soils developed on and
from residual material, (2) soils developed on alluvial/colluvial
material, and (3) soils developed from glacial deposits. The residual
soils have the greatest distribution and represent 63 percent of the
area. They are quite variable in physical and chemical quality,
surface relief and depth to the parent material, Alluvial/colluvial
soils occupy about 19 percent of the area. Since no major streams
influenced the erosion and deposition, the alluvial and colluvial
soils have quite similar physical and chemical characteristics but

are found in different topographic position. About 8 percent of the

area soils formed on or from glacial material, The remaining 10 percent
include intricately intermixed alluvial and residual soils and eolian
influenced alluvial material.

Residual Soils

The residual soils formed on material weathered from intertonguing
soft shale, siltstone, or sandstone of the Sentinel Butte Formation,
This formation is composed of sediments deposited in a continental
environment which included swamps, Locally these swamps produced
thick lignite beds. Weathered exposures of the formation are generally
pale olive or yellowish-gray.

Residual soils in this study area are quite variable. These soils
form a complex pattern and range from very shallow to deep, but most
sandy soils are moderately deep. All residual soils are underlain by

consolidated formation. The surface relief consists of gently rolling
hills with some steep slopes. Four types of residual soil typify the

general conditions.

Sandy residual soils have formed on material weathered from softly
consolidated calcareous sandstone, A dark grayish-brown sandy loam
surface layer has developed. This layer permits the rapid entry of

water and there is little erosion and runoff from areas in native
grass. These soils have a neutral reaction and are nonsaline. The

surface relief is characterized by plan and convex slopes ranging
from 6 to 15 percent. The available water-holding capacity of this

soil ranges from moderate for the surface layers to low for the

subsoil and lower soil horizons. This soil type lacks cohesiveness
and the wind and water hazard is moderate unless it has a good vegetative
cover. The substrata is relatively sterile and low cation exchange
capacity is common. Water movement into and through this material,
when disturbed, will be high but moisture retention will be low.
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The sandy residual soil from disturbed areas will have few limitations

for use in mined land reclamation. However, the subsoil and substrata
is not suitable for topdressing material and should be placed below

a layer of good quality topdressing material in reconstructed profiles.

The master site selected to represent the soil mantle of all sandy

soils in the study area is Site 3. This soil is an eolian sandy mantle
over glacial till. It will also represent other sandy soil derived
from residuum, alluvium, and colluvium. The description of this

profile and the laboratory results are recorded on Table 27, Appendix E.

The silty residual soils developed from siltstone and silty shale occur
on rolling hills with surface gradients ranging from 3 to 9 percent.
The depth of the soil mantle is 36 to 42 inches. The master site data
recorded on Tables 25, 28, and 29, Appendix E, represent this type
of soil which amounts to about 30 percent of the study area.

The surface layers are friable silt loam and silty clay loam with
high organic matter. They are 7 to 12 inches thick and are nonsaline
and nonsodic. Water intake is moderate and internal water movement
is good which reduces or prevents surface erosion except during severe
thunderstorms. Available water retained for plant use by these layers
is moderate to high.

The subsoil is firm silty clay loam or silty clay which rests on
weathered shale. This material is slowly permeable. It is usually
nonsaline and nonsodic and moisture retention is high.

The surface layers are well suited for topdressing reconstructed
profiles on mined lands. The subsoil is suitable for use near the
surface; but, the substratum, if used near the surface, must be
selected with care. The best suitable substratum material available
should be used in the reconstructed profile and the marginal and
adverse material should be placed below 36 inches in reconstructed
profiles.

The clayey residual soils and local clayey, colluvial soils developed
from soft clay shales are currently problem soils when used for dryland
production of small grain. They also produce a limited amount of range
forage. Depressed growth of native grass in semislick spots is common.
Between the spots of adverse soil, the surface soil is of good quality
in virgin tracts. The plow zone of dry-farmed tracts is usually good
quality material.

Water enters this soil readily, but downward movement is restricted
or stopped by the claypan subsoil. This layer also restricts root

penetration to cracks formed by alternate wetting and drying or frost
action. This subsoil is extremely hard when dry, firm when moist
and the available plant nutrients and moisture levels are low. The
claypan subsoil is a dark grayish-brown silty clay loam about 5 inches
thick. It is usually saline. The substratum beneath the claypan and
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other clayey residual soils is a strongly sodic silty clay loam or
silty clay. Laboratory data for the master site representing this
soil type and some minor soils are recorded on Table 30, Appendix E.

In most tracts, only the surface layers should be stripped and stock-
piled for topdressing reshaped spoils. The subsoils should be placed
below 36 inches. Borrow material for the subsoil of reconstructed
profiles can be taken from nearby deep soils or good quality bedrock
material.

These clayey residual soils occur on relatively flat areas in the
uplands and have a few inches of friable loam or clay loam surface
soil of good quality. Most tracts have adequate good material suitable
for use at or near the surface for revegetation with native grasses
and will most likely be reclaimed for range. However, some tracts of
this soil can be reclaimed for dryland farming of small grains. To
attain this objective, borrow material from nearby deep soils,
modification by mixing with good quality material, or other suitable
methods must be used.

Minor residual soils include the very shallow erosive sandy soils with
wind-worked surface material. This surface layer should be used as

subsoil and topdressed with good quality material. This would provide
adequate plant media for native grasses. Soils developed on baked
rock (clinker) have surface layers and subsoils that are suitable for

use at or near the surface. The baked rock substratum has no agronomic
value but may be used for bank stabilization along drainageways or

for roads. Some deep saline soils are intermixed with clayey local

alluvium. They are included with the minor residual soils. All soils
in this group are unsuited for use at or near the surface without
modification or selective stripping.

Alluvial /Colluvial

The alluvial/colluvial soils in the study area are the most valuable
for revegetating surface-mined areas. They are well drained and
often more than 10 feet deep and have good physical and chemical
properties. Laboratory data recorded on Table 26, Appendix E, are

representative of this soil type. It is one of the best sources of
high quality material for reclaiming mined land. The surface relief
of gently sloping footslopes, fans and terraces where these soils
occur are well suited for stripping and stockpiling material for use
in reclaiming mined areas. Four types of alluvial/colluvial soils
based on the time of deposition, texture and profile development
occur here. The well-developed silty alluvial/colluvial soils are

characterized by a friable silt loam surface layer overlying a firm

clay loam subsoil. The substratum is most often a silt loam but does
include some clay loam. Water enters and moves through the surface
material at a moderate rate but the permeability of the subsoil is

moderately slow, The amount of available water retained for plant use
averages 0.18 inches per inch. Shrink-swell potential of this material
is moderate.
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The entire soil profile is well suited chemically and physically for

use on the surface. It is nonsodic, nonsaline and slightly acid to

moderately basic. There is no indication of toxicity to plant growth.

Some sandy alluvial soils are on old terraces. They are characterized
by sandy loam surface layers over stratified loamy sand and sandy loam
subsoil and substratum. These soils are very friable, The substratum
has single-grain structure. The available water-holding capacity is

low and the soils are drouthy. Moisture retained for plant use

ranges from 0.06 inches per inch for loamy sands to 0.14 inches per
inch for the sandy loam surface. The substratum would be susceptible
to severe wind and water erosion if used on the surface. Water enters
and moves through this sandy material readily.

Salinity and sodicity are not problems in this soil. Soluble salts
are less than 1 millimho and the soil reaction is about neutral,

Areas of recent alluvial/colluvial soils contain a large quantity of
high quality material suitable for use as plant media at or near
the surface. The areal distribution is about 11 percent of the study
area. The profile depth of these soils often exceed 11 feet. All of

this high quality material should be considered for topdressing reshaped
spoils if the area is mined. These soils are characterized by their
friability, their depth of significant organic matter levels and their
good chemical quality.

Soils of this type are moderately permeable and retain about 0-18 inch
of available water for plants per inch of soil. The shrink-swell
potential is low. Low salinity and sodicity are common characteristics
of this material. Their neutral reaction further increases their value
for plant media.

Minor alluvial/colluvial soils are largely composed of eolian sandy
material. The only serious limitation of these soils is susceptibility
to wind erosion. Limited available water-holding capacity is a minor
limitation. This material should be used for subsoil in reconstructed
profiles and topdressed with good quality material.

Glacial Soils

Glacial soils developed on till occur sporadically through the study
area. Other till influenced soils and soils occurring in association
with till are quite variable. They represent a small acreage here.

The soil mantle is usually sandy in the undulating uplands but is
quite fine textured in degressional tracts. The surface layers of

these soils are suitable for topdressing reshaped spoils of mined
land. However, the surface layers of the shallow sandy phase is
best suited for subsoil placement,

Locally the till is covered by a thin alluvial mantle. Here, the
till substratum Is a dense heterogeneous material with a bulk density
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of about 1.6 grams per centimeter. Texture ranges from loam to clay
loam and the shrink-swell potential is moderate, Moisture retention
is usually good and permeability varies with the texture.

The surface layers are usually friable high quality material but
the subsoils should be buried and topdressed in reconstructed profiles.

Land Suitability and Classification

One of the primary objectives of the Horse Nose Butte Study was to

determine the suitability of the overburden (soils and bedrock) as a

source of surfacing material for use in revegetating the area if it

is surface mined. This was achieved by a land classification survey
which evaluated the quantity and quality of the overburden and the
ease of stripping and stockpiling suitable material for the reclamation of
mined land. The soil depth and characteristics were of major concern,
but the quantity and quality of material of both soil and bedrock
were evaluated using the same field and laboratory procedures.
Topographic factors such as slope and rock cover were the only factors
which influenced stripping and stockpiling. The classification evaluated
the upper 10 feet of the overburden, the surface features of the land
and the quality of the bedrock over 10 feet below the surface to

10 feet below the coal.

Land classification specifications were developed specifically for

the study area. Four land classes, 1, 2, 3, and 6, were designated.
These correspond to the system used by the Bureau of Reclamation in

their land classification surveys. Soil factors included in the

specifications for quality considerations were: texture, salinity,

sodicity, permeability, infiltration capacity, erodibility, and

available water-holding capacity. Because the topography and drainage
of the reclaimed area will probably differ from present conditions,
drainage other than the permeability of the material was not a factor.
Quantity consideration was primarily the depth of suitable material.
Slope formation outcrops and surface boulders were the only items
included which would affect ease of stripping and stockpiling.
However, only glacial erratics are a factor on the study area. The

specifications used are shown on Table 31. Very steep slopes and

formation outcrops are usually minor inclusions in topographically
suitable tracts.

In this study area, Class 1 lands provide the most desirable and the
most plentiful source of suitable material for revegetation. A large
supply of highly suitable material which can be stripped and stock-
piled easily is available from these lands. Class 2 lands have
adequate resurfacing material, but is limited in quantity, is less

desirable in quality, or is difficult and expensive to handle. Class 3

lands are similar to 2 except the deficiencies are greater or there
is a combination of deficiencies, The Class 3 lands are a marginal
source of material but under good management and handling can meet

the plant media need for revegetation. Class 6 lands do not have

adequate suitable soil or suitable bedrock material to meet
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the revegetation needs in tracts delineated in this class. If these

areas are disturbed by surface mining, it will be necessary to borrow
suitable material for plant media or modify the available material to

successfully revegetate Class 6 lands. These classes are described
in more detail in Table 32,

Field mapping was done on a mylar overlay over aerial photographs
with a scale 1:4,800, Topographic drawings at the scale of 1:24,000
with 20-foot contour intervals were used for reference when classifying
the land. An abney hand level was used in the field to determine slope
gradients.

The field studies were accomplished by selective placement of soil
borings based on landform, parent material, changes in vegetation,
appearance of the soil, and other observable land features. Twenty
to 40 borings were made in each section of land, The maximum depth
was about 11 feet with the average about 7 feet. Samples were collected
from these borings and additional 5-foot borings were made to more
accurately define land class boundaries, The surface layer subsoil,
and substrata were exposed and evaluated for depth and physical and
chemical characteristics to help determine potential of overburden
material for use in mined land reclamation, Pertinent data were
recorded for most profiles examined.

The soil profile was most often sampled by genetic horizons, However,
composite samples were usually made of two near surface horizons under
10 inches thick or when characteristics were similar. Some areas
are composed of 50-percent shallow claypan soils and 50 percent
better quality soil that are intricately intermixed. The surface
12 inches were sampled as follows for testing in the laboratory and
for greenhouse studies. Each soil type was sampled to a depth of
12 inches. Genetic horizons encountered to this depth were proportionately
combined. Each soil sample was tested in the laboratory and greenhouse
studies. Since the good soil and claypan soil cannot be selectively
stripped, subsamples were taken from the above samples mixed 50/50 and
tested for comparison. Results of this test on the composite (good/
claypan soil) should indicate the type of material and its physical
and chemical properties. This will be the type of material available
for plant media from the surface 12 inches in these tracts.

Using the basic soil data collected and other observations in the
field, a land suitability class was tentatively assigned each delineated
tract while in the field.

Upon completion of the initial fieldwork, samples from tracts where
more information was thought desirable were collected for additional
study. Samples for these tests and greenhouse studies were taken
from a pit dug to 4 feet and hand augered from 4 to 10 feet, A
25-pound sample was taken of each genetic horizon. Bulk density
samples were obtained for some of the horizons in the upper 4 feet,
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A soil laboratory was used extensively in the land classification
survey. All soil samples were analyzed using screenable testing
procedures. These tests include pH, settling volume, disturbed
hydraulic conductivity, and soluble salts of a soil water suspension.
Additional soil analyses were made as needed to confirm evaluations
made using field data and the results of screenable tests. Complete
analyses were made on samples from each genetic horizon of the master
sites and the results are shown on Table 25 through 30, Appendix E,

Exhibit 1, Appendix E» summarizes the screenable testing program. Tests
and analyses listed in Exhibit 2, Appendix E, were performed as needed
for proper evaluation of the overburden. Exhibit 3, Appendix E, is

a glossary of terms that may occur in this report or similar reports
prepared by other USBR Offices,

The land classification survey provides adequate data for developing
the reclamation portion of the required mining plan. It does not,
however, provide adequate detail for stripping and stockpiling
operations immediately prior to surface mining, Although procedures
similar to those used in the land classification can be used, additional
field borings and observations supported by laboratory data may be
required to more accurately determine the quantity, location, and

quality of the available material suitable as a planting media to

be stockpiled.

Results of Classification

The methods used to perform the survey have been described earlier in
this chapter and Table 32 describes significant characteristics of
the major land subclasses. Detailed land classification maps,
Plates 27 through 32, Appendix E, record the location and distribution
of the various classes. Brief profile notes and some screenable tests
are also on these plates. The following tabulation lists the acres of
land in each section by class and subclass;

Horse Nose Butte Study Area
Detail Land Classification

L44 N . , R. 94 W. L 1^2^ 2st Is 3t 3st 6 H Total

5.2 15.3
Sect ion 3 139.8 120.0

Section 10 419.5 132.7

Section 11 49.9 74.3

Section 12 35.4 289.3

Section 14 279.5 127.4

Section 15 90.6 163.4
Total 1014.7 907.1
Percent 39.6 35.4

30.3 7.2 22.7 320.0
57.1 4.6 1.6 4.0 640.0
14.0 21.8 160.0

212.1 103.1 640.0
17.8 9.3 38.7 7.3 480.0
51.9 5.6 8.5 320.0

5.2 15.3 383.3 26.7 196.4 11.3 2560.0
0.2 0.6 15.0 1.0 7.7 0.5 100%
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The results of the land classification are further summarized in

Plates 33 and 34, These drawings graphically show the location,

quality and quantity of the overburden (soil and bedrock) that is

suitable for topdressing (see glossary) reshaped spoils. This

information is slightly more general than the land classification
maps but the data can be evaluated readily. Similar information

about the substratum is presented in Plates 35 and 36,

Bedrock Suitability

A systematic evaluation was made of the core material described in

Plates 10 through 21, Appendix A, Three drill holes were completed
in tracts that will not be mined and were not analyzed and evaluated,

The abundance of good material in tracts that are mineable will most
likely preclude the use of material from outside the mining area.

The bedrock material (overburden) was processed and analyzed in the
laboratory and greenhouse using the same procedures as used on the

soil samples. Results of the laboratory analyses are shown on
Table 33, Appendix E, Selected samples were subjected to artificial
weathering as described under GEOLOGY. These tests give some indica-
tions of how the materials will break down when exposed. Using the
results from all tests and the detailed core descriptions on Plates 10

through 21, Appendix A.,, the suitability of the core material for use
as plant media was evaluated. This information is recorded on Table 34,

Appendix E, and on Plates 10 through 21, Appendix A, The applicable
portion of the land classification standards provided criteria for

the evaluation of this material which was then placed in one of three
categories: suitable, limited suitability, or unsuitable.

Although similar criteria was used in the evaluation of land classes
and suitability of core material, broader suitability classes were
used on the bedrock (overburden) material. The "suitable class" is

equivalent to Class 1 and the best of Class 2, The "limited suit-
ability" class is equivalent to the lower half of Class 2 and Class 3

and "unsuited" is equivalent to Class 6. The type and quality of the

bedrock material is quite diverse. The chemical and physical properties
important to plant growth cannot be projected accurately for any great
distance. Therefore, the quality determination of the core material
applies only to the drilling site. However, as mining plans are
developed, this will provide basic data on the probable location in
the bedrock profile of both good and adverse material, The ease of
separating and stockpiling suitable bedrock material occurring in
moderate to large quantity was not a factor in the classification,

Thin bedded layers of potentially good material were noted but since
separation would be nearly impossible, the dominant characteristics
of each major geologic break were used in the suitability classification,

The weathered bedrock near the surface is quite diverse but most of
the material is usable at or near the surface of reconstructed profiles,
Major deficiencies are stability, permeability, and acidity. Stability
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of the material is most often influenced by the interaction of more
than one factor, The following are the principal factors affecting
stability: clay content, clay type such as montmorillonite, shrink-
swell potential, sodium content, total soluble salts, and single
grain structure. Permeability of the material is also usually
influenced primarily by one of the following factors: clay content,
sodium content, percentage of sand, presence of water stable aggregates,
and absence of water stable aggregates. The acid material has some
potential if mixed with better material. The deeper bedrock is usually
quite sodic and should not be used on or near the surface; but, if

placed at 30 to 36 inches below the surface in well drained tracts,
it will restrict the downward movement of water and the utilization
of natural precipitation will be high. Table 34, Appendix E, further
describes the limitations of each bedrock zone sampled. The data
collected and interpretations made from bedrock sampling should provide
adequate information to determine the potential uses of bedrock
material in developing mining and revegetation plans. It appears there
is more than adequate supply of good and high quality soil material,
and bedrock material will not be needed for use as plant media at or
near the surface of mined land. Therefore, additional study of the
bedrock material in relation to revegetation will be minimal.

There is no indication of toxicity to plants or grazing animals that

is related to soil or bedrock material in the study area, The lower
bedrock material is highly sodic but most likely would not be toxic
except to seedlings and only if used on the surface,

Soil Inventory

A soil inventory was made in the Horse Nose Butte Study Area to obtain
soil and environmental data. Data from the inventory will be used to

develop multiple resource management plans, Interpretation will be
made by the BLM related to management of the lands before mining,

The soil inventory of the Horse Nose Butte Study Area was performed
by the Soil Conservation Service in cooperation with the North Dakota

Agricultural Experiment Station. The results of this survey are shown

on Plate 37. This work was performed as part of an in-progress soil

survey of Dunn County, North Dakota. The mapping identifies a total
of 31 soil series and 1 land type. Mapping units in the area total

40. Each soil series is recognized as having characteristics differ-
entiating it from other soils. Soil texture, color, thickness, parent

material, physical and chemical properties, as well as climate and

topography, influence and characterize each soil, Soils are generally
evaluated to a 40-inch depth. Interpretative ratings for other uses
and engineering properties are shown in Tables 35 and 36.

The 31 series consist of Entisols and Mollisols, The areal distribution
of the Mollisols is much greater, In the 1938 USDA Soil Classification
System, the majority of the soils were placed in the Chestnut great

soil group,
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PLATE 33

EXPLANATION

UNSUITABLE MATERIAL

GOOD TO EXCELLENT TOPSOIL SOURCE

SCATTERED STONES, REMOVAL NECESSARY

T^\ FINE TEXTURED

7^~ MODERATELY FINE TEXTURED

UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION
RESOUftCE a POTENTIAL RECLAMATION EVALUATION

HORSE NOSE BUTTE STUDY AREA
DUNN CENTER LIGNITE FIELD

SOIL MATERIAL FOR TOP DRESSING
LOCATION - QUALITY

SOILS}'- IfJUL'JIL SUBMITTED.
V. LINSSENDRAWN-\±JzL1.;'J'±!l RECOMMENDED.

CHECKED APPROVED

BILLINOS, MONT. APR. ' ="«
| |3Q5—6QQ—96





PLATE 34

EXPLANATION

UNSUITABLE MATERIAL

TO^ 6"- 12"

L~o ° o '

| 2 "_| 8
"

^33 I8--24"

nn 24^36-

>36

uni ted sta tes
department of the interior
bureau of reclamation

resource a potential recla mation eva luation

HORSE NOSE BUTTE STUDY AREA
DUNN CENTER LIGNITE FIELD

SOIL MATERIAL FOR TOP DRESSING
LOCATION AND THICKNESS

.OH^i™/™™L__»l»«/r™
DRAWN-V--±L'±SSJN RECOMMENDED
CHECKED APPROVED

9ILL/NGS. tONT. APR. I 9 7€ 11305-600-97





PLATE 35

EXPLANATION

EE3 CLASS I QUALITY

LIGHT TEXURED SOILS

FINE TEXURED.SODIC OR SALINE

SODIC ANO SALINE

SALINE

CLASS 6

NOTE
Substratum as used in this report is all material below the primary plant root zone consisting of
lower soil C horizons and weathered bedrock.

UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION
RESOURCE a POTENTIAL RECLAMATION EVALUATION

HORSE NOSE BUTTE STUDY AREA
DUNN CENTER LIGNITE FIELD
GENERALIZED SUBSTRATUM

QUALITY
SOILS-?:-*™-'?™"—- SUBMITTED—
DRAWNJv.--k'.N.

S
-.
a-£JL RECOMMENDED-

CHECKED APPROVED

BILLINGS. MONT. APR. 11305-600-98





PL ATE 36

R.94 W.

EXPLANATION

1 1 1 1 1 1 1 n ii

triTTTTI| * »
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l^7^ 24-36"

I
"

-1
36"- 60"

I: : : : : : ]
>60"

NOTE
Substratum as used in this report is all material below the primary plant root zone consisting of
lower soil C horizons and weathered bedrock.

UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF RECLAMATION
RESOURCE B POTENTIAL RECLAMATION EVALUATION

HORSE NOSE BUTTE STUDY AREA
DUNN CENTER LIGNITE FIELD

USABLE SUBSTRATUM
DEPTH IN INCHES

BOILS Hl.^°'L'^J£^ SUBMITTED
DRAWN -Y\l ±.1*5.^*1 RECOMMENDED-
C HECKED APPROVED

BILLINOS, MONT. APR.

i
^Jj30^^00^9l





PLATE 37

IDENTIFICATION LEGEND

Dunn County, North Dakota
by Soil Conservation Service

gust 1975

BLM Mappin

No. Symbol

9050 101B

9050 101C

9051 4

9051 4B

9052 15

9057

9052 18

9076

Name
Included
Symbols

BLM
No.

Mapping
Symbol

Included
Symbols

9053 86E

9054 9D

9054 9E

9054 8C

9077

9077 98C

9055 30E

9056 22

9079 106B

9057 27

9058 32B

9059 105

9060 41

9061 44B

9062 49B

9062 49C

9062 52B

9064

Amor loam, 3 to 6 percent slopes

Amor loam, 6 to 9 percent slopes

Arnegard loam, 1 to 3 percent slopes

Arnegard loam, 3 to 6 percent slopes

Belf ield-Farland silt loams, 1 to 3 percent
slopes

Belf ield-Grail silty clay loams, 1 to 6 percent

slopes

Brandenburg-Cabba complex, 6 to 25 percent
slopes

Cabba loam, 9 to 15 percent slopes

Cabba loam, 15 to 45 percent slopes

Cabba-Chama silt loams, 3 to 9 percent slopes

Chama silt loam, 6 to 9 percent slopes

Cohagen fine sandy loam, 9 to 25 percent
slopes

Colvin silt loam, saline

Daglum silt loam, 1 to 6 percent slopes

Farland silt loam, 1 to 3 percent slopes

Flaxton-Williams complex, 1 to 6 percent
slopes

Harriet complex, to 3 percent slopes

Heil silty clay loam

Lihen loamy fine sand, 3 to 6 percent slopes

Morton silt loam, 3 to 6 percent slopes

Morton silt loam, 6 to 9 percent slopes

Morton-Rhoades complex, 1 to 6 percent
slopes

14B,14C,106

44AZ

52

9062
9064

9063

9080
9064

9064

9065

9066

9067

9067

9068

9069

9070

9069
9070

9069
9064

52C Morton-Rhoades complex, 6 to 9 percent slopes

54B Parshall fine sandy loam, 1 to 6 percent slopes

61B Regent-Rhoades silty clay loams, 1 to 6 percent
slopes

62B Rhoades complex, 1 to 9 percent slopes

69 Savage-Rhoades silty clay loams, 1 to 3 percent
slopes

70C Searing loam, 6 to 9 percent slopes

71B Sen silt loam, 3 to 6 percent slopes

71C Sen silt loam, 6 to 9 percent slopes

102B Shambo loam, 3 to 6 percent slopes

75 Straw and Korchea silt loams, 1 to 3 percent
slopes

3 Staw and Korchea soils, channeled

7 Straw-Rhoades complex, to 3 percent slones

9071 78 Strongly saline land

9072 81B Tally and Vebar fine sandy loams, 1 to 6 percent
9073 slopes

9078 44D Telfer loamy fine sand, 6 to 15 percent slopes

9074 5 Tonka silt loam

9073 81C Vebar fine sandy loam, 6 to 9 percent slopes

9073 81D Vebar fine sandy loam, 9 to 15 percent slopes

907 3 82C Vebar extremely stony fine sandy loam, 3 to 15

percent slopes

9075 88B Williams loam, 3 to 6 percent slopes

54

61

62

81,103

30D

SCALE OF FEET
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NOTE: DATA FROM IN PROGRESS SURVEY DUNN CO. N.OAK.

UNITED STATES
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SOIL CONSERVATION SERVICE
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Description of Soils

This section names the soil series and describes the mapping unit

in the Horse Nose Butte Study Area, The acreage and percent of the

area are also given, The descriptions given here list briefly the

general soil characteristics as they apply to present management

and to provide general information on their suitability for use in

reclaiming mined land, The results of this inventory are shown on

Plate 37.

The toxinomic soil units are described together as to general

characteristics, landform position, and technical evaluation related

to management,

Hap Symbol Series Phase Acres Percent

101B, 101C Amor Loam 247 9.7

The Amor soils are moderately deep residual soils that developed from
soft sandstone, siltstone and loamy shales of the Sentinel Butte
Formation, These soils are generally on uplands with 3 to 9 percent
slopes.

The surface soil is generally a dark, grayish-brown friable loam
8 inches thick over a brown-to-brownish-gray hard, friable loam
subsoil 10 inches thick. The substratum is a calcareous light-gray
loam containing a calcium carbonate equivalent of over 10 percent,
Depth to weathered sandstone or siltstone typically is 30 to 40 inches

These soils are presently used for small grains, hay and pasture.

For complete chemical and physical properties, see Master Site No, 5,

Table 29, Appendix E.

Map Symbol Series Phase Acres Percent

4, 4B Arnegard Loam 172 6,8

Here the Arnegard series are alluvial soils derived mainly from
calcareous sedimentary rock and glacial till. These soils occur in

the swales and depressions in a concave position with slopes ranging
from to 6 percent.

The surface soil is typically a dark, grayish-brown, very friable
loam about 8 to 18 inches thick. The subsoil is a grayish-brown
friable loam, 12 to 36 inches thick. The substratum is a calcareous
fine sandy loam to friable clay loam, Bedrock or glacial till may
occur below 40 inches, but more often depth to these materials is
greater than 120 inches,

The Arnegard series is the most valuable soil in the area for
reclamation use. Efforts should be made to stockpile this material
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from depths of 120 inches or more,

These soils are presently used for small grain, hay, and pasture.

For example of chemical and physical properties, see Master Site No. 2,

Table 26, Appendix E,

Map Symbol Series Phase Acres Percent

15, 18 Belfield in Complex with Silt Loam/ 51 1,9
Farland and Grail Silty clay

Loam

The Belfield soils are formed in alkaline residuum or alluvium. They
occur on a nearly level terrace in complex with the better quality
Farland and Grail soils and with similar but shallower Rhoades soils.
Slopes are less than 3 percent,

The surface soil is typically a grayish-brown silt loam to silty clay
loam 7 to 12 inches thick. The subsoil is a very hard grayish-to-olive-
brown, strong, prismatic, silty, clay loam to silty clay, from 12 to
20 inches thick. The substratum is a calcareous, often sodic and saline
light, brownish-gray to light olive-brown clay loam, The Farland
and Grail soils that are mapped in complex with the Belfield lack the
claypan horizon and are generally nonsaline and nonsodic in the
substratum.

These soils are presently used for small grain, hay, or pasture.

Map Symbol Series Acres Percent

86E Brandenburg 36 1,4

The Brandenburg soils occur on hilly-to-steep sedimentary plains with
slopes of 10 to 25 percent, Large blocks of clinker 2 to 4 feet in

diameter are abundant at the surface. This soil developed over clinker
deposits.

The surface soil is a brown-to-pinkish-gray friable loam containing
10 to 20 percent coarse fragments and it ranges from 4 to 10 inches
deep. The substratum is baked rock which is unsuitable for reclamation
purposes.

Small tracts of this mapping unit may be stripped for topdressing
material, if the cost of clinker removal and the steep slope gradient
do not make it economically unfeasible,

These soils are presently in native grass and are unsuitable for
cultivation,
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Map Symbol Series Phase Acres Percent

9D Cabba Loam 73 2.9

The Cabba soils occur on moderately steep uplands with slopes ranging
from 9 to 15 percent. These soils usually occur in the convex position
and their distribution is not extensive in the study area. They are

residual in origin.

The surface soil is a grayish-brown friable loam about 7 inches thick,

Subsoil is usually absent and the substratum is generally a calcareous
light-gray to brownish-gray silt loam to loam that is friable when
moist and very hard when dry. Weathered silty shale or siltstone
occur at 18 to 24 inches.

Map Symbol Series Phase Acres Percent

8C Chama Silt Loam 60 2.3

The Chama soils consist of moderately deep, well-drained, gently
sloping soils on uplands. These soils formed in material weathered
from shale, siltstone, and fine-grained sandstone, Cabba soils occur
in complex with this soil and occupy the convex portion of slopes.

The surface soil is a friable, dark grayish-brown silt loam about
7 inches thick. The subsoil is a friable, grayish-brown silt loam
to silty clay loam about 7 inches thick, the lower part may contain
greater than 10 percent calcium carbonate equivalent. The underlying
material is a calcareous light gray silt loam to silty clay loam. It

is very hard when dry and friable when moist. This layer is generally
about 20 inches thick and overlies soft silty shale.

These soils are presently used for small grain, hay, and pasture.

Map Symbol Series Phase Acres Percent

30E Cohagen Fine Sandy Loam 22 0,9

The Cohagen soils are shallow and occur on moderate-to-steep slopes,
They are not extensive in the study area. The depth to sandstone is

typically 18 inches but ranges from 4 to 20 inches,

The surface soil is generally a grayish-brown, fine, sandy loam 3 to

8 inches thick. An olive-brown, fine, sandy loam or indurated sand-
stone substratum is common.

Overburden (soil and bedrock) from the shallow portions of this mapping
unit are unsuitable for reclamation use,

Present land use is native grasses,
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Map Symbol Series Phage Acres Percent

22 Colvin Silt Loam 10 0,4
(saline)

Colvin soils occur on nearly level concave swales and depressions in

association with glacial till deposits. These soils have a low
permeability and are poorly drained, Surface runoff from the mapping
unit is low, A water table is often near the surface, Salinity
originates in water percolating through nearby glacial till or residual
upland soils areas as well as from the original parent material.

The surface soil is dark-gray, friable silt loams to silty clay loams,
overlying a calcic horizon. Substratum is gleyed.

Due to salinity, sodicity, and physical characteristics, the Colvin
soils in the study area are not considered suitable for use as plant
media in reclamation plans,

The present land use is native grasses and aquatic vegetation.

Map Symbol Series Phase Acres Percent

106B, 106 Daglum Silt Loam 39 1,6

The Daglum soils occur on nearly level to gently sloping terraces and
fans. These claypan soils developed in alluvium.

The surface soil is a grayish-brown loam about 8 inches thick, Below
this subsoil is a dark, grayish-brown firm columnar silty clay about
14 inches thick. The substratum is an alkaline firm silty clay usually
saline and sodic. This soil often occurs in complex with the Rhoades
soils

.

These soils are presently used for production of small grains, hay,

or pasture.

Map Symbol Series Phase Acres Percent

27 Farland Silt Loam 18 0,7

The Farland soils occur on nearly level to gently sloping terraces and

alluvial valleys. Slopes gradients range from to 3 percent. This
alluvial soil is generally associated with adjacent soils developed in

residium.

The surface soil is a dark, grayish-brown, friable silt loam 7 inches
thick. It rests on a hard, friable, prismatic, silty clay loam subsoil
which is 10 to 24 inches thick. The substratum is a calcareous loam
to silty clay loam, Depth to weathered bedrock is greater than 40 inches.
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These soils are generally cultivated land used for small grain production.

Map Symbol Series Phase Acres Percent

32B, 32C Flaxton Loam 151 5,9
Williams

The Flaxton series consist of deep, nearly level to gently sloping,
well-drained soils. These soils are found on sand mantled glacial
till deposits. Usually the Flaxton soils are fine sandy loam to light
loams and occur in complex with the fine loamy Williams soils. The

Williams portion of the complex is nil in the study area.

The surface soil is a dark, grayish-brown, friable light loam 8 to 10

inches thick. The upper portion of the subsoil is a friable, light
loam over a firm, grayish-brown clay loam 10 to 16 inches thick. Below
this substratum is a calcareous, firm, clay loam with many pebbles and
a few stones. This glacial till material is often underlain by weathered
siltstone or sandstone at a depth of 4 to 10 feet.

These soils are presently utilized for small grain, hay, and pasture.

For complete chemical and physical properties, see Master Site No, 3,

Table 27, Appendix E.

Map Symbol Series Acres Percent

105 Harriet 34 1.3

The Harriet soils consist of deep, nearly level, poorly drained soils
that formed in clayey alluvium. These claypan soils occur on low

terraces and bottom lands.

The surface soil is a gray loam about 2 inches thick. The upper part
of the subsoil is a dark-gray clay loam about 4 inches thick. The
lower part is grayish-brown firm calcareous clay loam about 12 inches
thick with an accumulation of salt. The substratum is also calcareous
and contains some salt.

These soils are usually utilized for hay or pasture.

Map Symbol Series Phase Acres Percent

41 Heil Silty Clay Loam 24 0.9

The Heil series consist of deep, nearly level, poorly drained soils
that formed in fine textured alluvium in flat-bottom basins. These soils
have a claypan in the upper part of the subsoil.

The surface soil is a gray silt to silty clay loam 1 to 3 inches thick.
The underlying claypan is a dark-gray firm clay about 4 inches thick.
Below this, the subsoil is a gray, very firm clay about 15 inches thick.
The underlying material is a calcareous, light-brownish-gray, and very
firm clay.
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This soil is presently utilized for hay or pasture.

Map Symbol Series Phase Acres Percent

44B Lihen Loamy Fine Sand 14 0.5

These soils consist of deep well drained material formed in eolian and
reworked sandy glacial deposits. They occur on near level to gentle
slopes with gradients of 3 to 6 percent.

Typically, this soil is loamy, fine sand to a depth of about 20 inches.
The upper 7 inches are dark gray and the next 7 inches are very dark,
grayish brown« Profiles may vary due to wind reworking, At 34 inches
typically the profile is olive-gray, fine sand.

The top 20 inches of this soil may be used as a source of topdressing
material; but, it is inferior to soils in surrounding mapping units.
Material from these soils are best suited for subsurface fill below
24 inches.

Soils in this mapping unit are presently used for grass,

Map Symbol Series Phase Acres Percent

49B, 49C Morton Silt Loam 152 7.1

These moderately deep, well-drained residual soils occur on rolling
uplands with 3 to 9 percent slope. The Morton soils formed from soft

siltstone and shale.

Typically, the surface soil is a dark, grayish-brown silt loam 4 to

7 inches thick. The subsoil is a dark, grayish-brown silt loam grading
to an olive-gray, calcareous silty clay loam with depth. This layer
is about 20 inches thick. The underlying material is a grayish-brown
calcareous loam that rests on platy soft siltstone and shale which occur
at 36 to 42 inches.

This soil is presently utilized for small grain, hay, and pasture.

See Master Site No. 1, Table 25, Appendix E, for complete physical and
chemical data.

Map Symbol Mapping Unit Acres Percent

52, 52C Morton-Rhoades Complex 228 8.9

This mapping unit is a complex of the Morton and Rhoades soils. The
areal distribution of the Morton is greater than the Rhoades.
Reclamation of this unit physically is similar to the Morton unit; but,
resultant reconstructed profile will be somewhat inferior to the Morton
due to the claypan Rhoades soils in the complex.
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Soils in this mapping unit are presently utilized for small grains, hay,

and pasture.

Map Symbol Series Phase Acres Percent

54 Parshall Fine Sandy Loam 19 0,7

The Parshall soils consist of deep, nearly level to sloping, well-drained
soils. They are formed in deep sandy loam of lacustrine and glacial

outwash origin.

The surface soil is a very dark, grayish-brown fine sandy loam about
18 inches thick. Below this, the subsoil is dark, grayish-brown, very
friable, fine sandy loam about 7 inches thick, The underlying material
is mainly dark, grayish-brown, fine sandy loam to loamy fine sand.

These soils are presently utilized for small grains, hay, and pasture,

Map Symbol Series Phase Acres Percent

61B Regent Silty Clay 5 0.2
(Regent-Rhoades Complex) Loam

The Regent soils occur in complex with the Rhoades (see description of

the Rhoades soils) soils in the study area.

Regent soils consist of moderately, deep, well-drained, nearly level to

sloping residual series on uplands. They formed in soft shale. The
surface soil is a dark, grayish-brown silty clay loam about 7 inches
thick. The underlying subsoil is a firm silty clay about 30 inches
thick.

Color of the subsoil ranges from grayish-brown to olive. The lower
pale olive portion contains segregated carbonates. Soft weathered
shale underlies the subsoil. The Regent soils lack the claypan of the

Rhoades soils.

This soil is used for small grain, hay, or pasture.

Map Symbol Series Acres Percent

62B Rhoades 288 11.3
Complex

The Rhoades soils consist of deep, nearly level to sloping, moderately
well-drained soils that have a claypan, They formed in material weathered
from soft shale or in local alluvium derived from shale.

Typically, the surface soil layer is 1 to 2 inches thick. The upper
part of the subsoil is a claypan consisting of dark, grayish-brown,
very firm silty clay loam which is about 5 inches thick. The lower
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part is an olive, calcareous silty clay about 8 inches thick that
usually contains some salt, The underlying material is a calcareous
and strongly sodlc olive silty clay loam to a depth of about 40 inches

,

Between 40 and 60 inches, the material is a pale olive silty clay,

The Rhoades soil occurs in complex with the Daglum soils which are
deeper to the claypan, The Daglum soils occupy 40 to 50 percent of the
unit.

These soils usually are utilized for grassland-

See Master Site No, 6, Table 30, Appendix E, for complete physical
and chemical analysis.

Map Symbol Series Phase Acres Percent

69 Savage Silty Clay Loam 13 0.5

The Savage soils in this study area are mapped as a unit with the

Rhoades soils. These deep well-drained soils occur on nearly level
to gently sloping terraces with 1 to 3 percent grade. Savage soils
formed in deep clayey sediments.

The surface layer is a dark, grayish-brown silt loam to silty clay
loam. Below this, the firm silty clay to silty clay loam subsoil
material is about 18 inches thick. It is dark, grayish-brown in the
upper part and grades to olive gray in the lower part. A calcareous
gray to pale olive silty clay underlies the subsurface material.

Savage soils are utilized for small grains, hay, and pasture.

Map Symbol Series Phase Acres Percent

70C Searing Loam 27 1,0

Searing soils occur on 6 to 9 percent upland slopes. These soils

formed in place from weathered sedimentary material. Baked rock
(clinker) above burned out coalbeds underlie these soils. They are
well drained.

The surface soil is a friable, brown loam 4 to 8 inches in depth. A
6- to 10-inch layer of dark, reddish-gray to reddish-brown loam under-
lies the surface soil. The weathered substratum is a reddish-yellow,
friable moderately alkaline loam with 5 to 20 percent baked rock chips,
This layer is 6 to 10 inches thick, Below this is a channery loam
grading to baked rock.

This soil is utilized for small grains, hay, or pasture,
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Map Symbol Series Phase Acres Percent

71B Sen Silt Loam 19 0,7

The Sen soils consist of moderately deep, well-drained soils on gently

sloping to steep uplands. Slopes range from 3 to 9 percent. These

soils formed on materials weathered from calcareous siltstone and very
fine sandstone.

The surface soil is a dark, grayish-brown silt loam about 6 inches thick
which rests on a silt loam subsoil about 12 inches thick, The under-
lying material is a pale-brown silt loam 24 to 36 inches thick, Silty
shale is below the soil profile.

This soil is utilized for small grains, hay, and pasture,

See Master Site No. 4, Table 28, Appendix E, for complete physical and
chemical analysis,

Map Symbol Series Phase Acres Percent

102B Shambo Series 40 1,6

The Shambo soils occur on gently sloping terraces with gradients of

3 to 6 percent. These soils formed from calcareous loam alluvium
derived mainly from soft sandstone and shale.

Surface soil of the Shambo series ranges from 7 to 16 inches thick. It

is a friable, grayish-brown to dark, grayish-brown loam. The subsoil
is a grayish-brown friable loam 10 to 24 inches thick. Below this is

a calcareous loam substratum 12 to 36 inches thick. It may be stratified
with layers of sand, sandy loam, or silty clay loam.

These soils are presently utilized for small grain, hay, or pasture,

Map Symbol Series Phase Acres Percent

3, 75 Straw Silt Loam 91 3.6

These soils occur in complex and are formed in alluvium on low terraces
and bottom lands. They are deep, well-drained soils. The Straw series
is a Cumulic Haploboroll, the Korchea is a Mollic Ustifluvent.

Typically, the surface soil is a friable, dark, grayish-brown silt
loam to light clay loam. Organic matter decreases irregularly with
depth and buried horizons may be present. Substratum is a grayish-brown,
fine, sandy loam to light clay loam,

This soil is used for small grains, hay, or pasture,
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Map Symbol Land Type Acres Percent

78 Strongly Saline Lands 24 0,9

This mapping unit has saline to strongly saline soils. They are poorly
drained with nearly level surface relief or are located in the bottom
of swales or depressions, The soil material consists of a moderately
thick layer of loam to silty clay loam, A seasonal water table or a
capillary rise of moisture may contribute to the salinity of the soils
in this mapping unit.

Reclamation potential on this land type depends on local chemical and
physical properties. Special placement in reconstructed profile will
usually be required for best use of this material,

Map Symbol Series Phase Acres Percent

81B Tally Fine Sandy Loam 190 7.4

The Tally soils are mapped as a unit with the Vebar soils, The Tally
soils consist of deep, well-drained soils that formed in eolian deposits
and sandy alluvium. Tally soils occur on alluvial terraces, fans, and
foot slopes with 1 to 6 percent slope gradient, Theyare similar to the
Vebar soils but lack the paralithic contact at 20 to 40 inches.

The surface soil is a dark, grayish-brown, fine sandy loam 8 inches
thick. It is very friable, nonsticky, and nonplastic. Subsurface
soil is a brown, very friable, fine sandy loam. The substratum is a

calcareous, nonsticky, and nonplastic loamy, fine sand to fine, sandy
loam.

This soil is commonly used for small grain, hay, and pasture.

Map Symbol Series Phase Acres Percent

44D Telfer Loamy Fine Sand 12 0.5

Telfer soils are located on nearly level to undulating uplands. These
soils formed on wind and/or water deposited sands. They are excessively
drained.

Typically, the surface soil is a dark, grayish-brown loamy sand to

loamy fine sand. Below this is a fine- to medium-grained sand. Structure
throughout the profile is single grained. Soft bedrock may occur below
40 inches,

Materials from this profile are best suited for substratum fill below
18 inches due to their erodibility and low water-holding capacity,

This soil is presently in grassland,
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Map Symbol Series Phase Acres Percent

9E Tonka Silt Loam

The Tonka soils are poorly drained soils occurring in closed depressions
in glacial till areas. These soils are of minor extent in the study

area and are not mapped as a separable series,

The surface soil is a black silt loam 10 to 13 inches thick overlaying
a thin, leached gray horizon, below this, a dark-gray, firm, silty clay
loam subsoil about 10 to 20 inches thick. The substratum is a gleyed,
gray silty clay loam.

This soil is presently in native wetland vegetation.

Map Symbol Series Phase Acres Percent

81C, 81D, Vebar Fine Sandy Loam 460 18,1
82C

Vebar soils are on nearly level to rolling uplands. Slopes are plane
to convex ranging from 6 to 15 percent. The soils formed in residual
material weathered from soft calcareous sandstone. They are well
drained.

The surface soil is a dark, grayish-brown, fine, sandy loam 6 to 10 inches
thick and the subsoil is a brown, friable, fine, sandy loam 10 to 20
inches thick. The substratum is a yellowish-brown, fine sandy loam
grading to a soft massive calcareous sandstone at 30 to 40 inches depth.
The stoney phase of the Vebar will have similar reclamation potential
but with additional cost for stone removal or disposal.

This soil is used for small grains, hay, or pasture.
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The following tabulation summarizes the areas of land of each mapping
unit occurring by sections in the study area. See identification legend
for names of mapping units,

Mapping Total Unit

Unit No, Acres % Sec, 3 Sec, 10 Sec, 11 Sec. 12 Sec, 14 Sec, 15

23

7

14 2 19 13

6 6 6

29 9 7 28

44

7

10

3 23 0,9
4 107 4,3 9 91

4B 65 2,5 17

5 4 0.2 4

8C 60 2.3 19 23

9D 73 2,9 10

15 44 1.7
18 7 0,2
22 10 0,4
27 18 0,7 18

30E 22 0.9 5

32B 103 4.0 90

32C 48 1.9 16

41 24 0.9 12

44B 14 0.5

44D 12 0,5
49B 66 2.6 44

49C 116 4.5 18

52B 135 5.3 53

52C 93 3.6 49 3

54 19 0.7

61B 5 0.2 5

62B 288 11.3 30 10

69 13 0.5
70C 27 1.0

71B 19 0.7 10

75 68 2.7

78 24 0.9
81B 190 7.4 2 71

81C 292 11.5 119

81D 137 5.4 10

82C 31 1.2 8 10

86E 36 1.4

88B 1

98B 3 0.1 3

98 3 0.1 3

101B 150 5.9 78

101C 97 3,8 53

102B 40 1.6 7 33

105 34 1,3
106 11 0.4

106B 28 1,1 27

2560 100% 320 640

18

32

13

25

12

15

14

12

12
32 49 17

52 30

14 27

19

19 29

13

26

9

68

9 1 14

2 101 9

153 20

39 70

11 2

4

1

11 7 47
20 18

34

6

11

1

160 640 480 320
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GREENHOUSE

Introduction

In the past, surface mining for coal generally resulted in burying
of the soil and then attempts were made to revegetate the spoil.

The spoil left exposed was usually from the stratum directly over-
lying the coal seam and often was not a suitable plant growth medium.

It is visualized that in future surface mining operations, the soil

will be conserved and replaced. However, in some areas the soil will
be thin or less suitable as a plant growth medium than spoil generated
from certain overburden strata. The objective of this greenhouse study
was to evaluate the suitability of overburden as plant growth media.

Methods

Field Capacity

The initial task in the greenhouse study was to determine the field
capacity of the overburden samples. The equipment used to determine
field capacity was: plastic tubes 1-3/4 inches in diameter, plastic
cups, and plastic sheets. Four hundred grams of each overburden
sample was weighed and placed in the plastic cylinders which had been
sealed at the bottom by a plastic sheet, and packed by tapping the
side of the cylinder. Twenty milliliters of water was then added
(5 percent of the overburden by weight) and the top was sealed with
a plastic sheet. After 24 hours, the bottom plastic sheet was removed
and the dry overburden fell into the plastic cup, leaving the moist
overburden in the cylinder. The dry overburden was weighed and the
field capacity (FC) calculated by the following equation:

FC = 20 S H?° x 100
400 g - Weight of dry overburden

The field capacity percentage was the basis for the amount of water
each pot received daily.

Fertilizer Treatments

Two thousand grams of each bedrock and soil sample were weighed into
each of two pots. Each pot was fertilized with 100 ppm of nitrogen
as reagent grade Ca(N03)2 and 80 ppm phosphorus as reagent grade
Ca(H2P04)2.H20. The reagents were added in solution as 10 and 50 ml
aliquots respectively, then mixed into the soils and overburden.
Where sufficient soil material was not available for a 2 kg sample
weights, the aliquot sizes were adjusted to maintain a fertility
level of 100 ppm N and 80 ppm P.
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Seeding and Growth

Western wheatgrass (Agropyron smithii var. Arriba) was the test
species. This species was chosen because it is one of the most
abundant native grasses in the Western United States and will
probably be used in many revegetation programs.

At the time of seeding, approximately 250 g of overburden was removed
from each pot. Then water was added to each pot to bring them to

field capacity. Forty seeds were placed in each pot and the previously
removed dry overburden placed on the seeds. All pots were then covered
with paper to retard evaporation and to allow the water to move to the
surface by capillary rise. The pots were checked daily and upon
germination, each pot was uncovered and the date recorded. The date
when ten plants had emerged and the severity of salt crusting were
also recorded. After germination, all pots were weighed daily and
deionized water was added to bring the soil to field capacity. Maximum
water use was approximately 25 percent of field capacity per day.

When the majority of the plants, in all pots, reached a height of

10 cm, the number of plants in each pot was recorded and each pot was
thinned to 16 plants.

Two highly productive loam soils were included in the experiment as
overall standards (A^ horizon Platner series and A^ horizon Kimm
series) . Greenhouse data on the standard soils are included at the

end of Table 37, Appendix F.

Plants were harvested after 56 days following seeding.

Harvesting

The plants were clipped at a height of 2 cm above the soil surface to

minimize contamination by soil splashed on the plants during watering.
The harvested plants were then washed in 0.05 normal HC1 and rinsed in

distilled water so tissue analvsis could be done on the Dlant samples.
The Dlants were dried in a forced air oven at 70° C for 24 hours and
then weiehed to the nearest 0.01 gram.

Observations taken at the time of harvest included (1) the presence
of shoot growth from rhizomes; (2) the degree of soil surface cracking;

(3) the amount of salt crusting; and (4) the average plant height.

In comparing average plant height and plant dry weight, it can be seen

that there is no direct correlation. These differences are believed
to be partially due to variation in light response in different seasons.
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Also, within experiments, a portion of the variation appears to be
related to the amount of shoot growth originating from rhizomes, in

that overburden samples with a low yield and tall average plant

height generally had very little or no growth from rhizomes while
those samples with a high plant yield and a lower average plant
height generally had a relatively large amount of growth from rhizomes.
Also, the clayier samples generally had the largest amount of growth
from rhizomes.

Results

Large differences in Western wheatgrass growth are evident on various
overburden samples (Photograph 7) . Because there was a wide range on

plant dry weights from the standard soils in the four greenhouse
experiments, relative yields will be used in this discussion. Actual
and relative yields are presented in Table 37, Appendix F. Relative
yield was calculated as a percentage of yield of the Platner standard
soil from the respective greenhouse experiments. For purposes of this
discussion, relative yields less than 33 percent will be considered
low, 33-67 percent medium, and above 67 percent high.

Samples of bedrock from the Horse Nose Butte Study Area generally had
relative yields of medium to high with 16 percent yielding low,

53 percent medium, and 19 percent high (Figures 20 and 21 and Table 37,
Appendix F) . Many of the samples are fine-textured and highly sodic.

These bedrock samples might be expected to produce very little
vegetation in the field because they would be almost impermeable to

water.

With minor exceptions, soil profile samples from the Horse Nose Butte
area produced well, with the majority yielding high. Eight percent of

the soil profile samples yielded low, 42 percent medium, and 50 percent
high (Figure 22, Table 37, Appendix F) . Also, with few exceptions,
the soil profile samples show favorable chemical and physical charac-
teristics as plant growth media.

Discussion

Large differences in yield were noted among bedrock and soil samples.
Overburden samples which had relative yields less than 33 percent would
definitely not be suitable as plant growth media. The samples with
relative yields larger than 33 percent include some strata which would
make a favorable plant growth media, but also include some strata which
would make unsuitable plant growth media under field conditions.

In the greenhouse study, overburden samples with the higher field
capacities generally yielded the most. In the field, under arid and
semiarid conditions, these fine-textured materials would be the more
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droughty soils because of greater surface runoff and evaporation.
Thus, growth differences reported in this greenhouse study will give
only an indication of the overburden suitability as a plant growth
media. When extrapolating greenhouse results to field conditions,
the physical and chemical characteristics of the overburden must be
analyzed along with the greenhouse yield data to make interpretations
on the suitability of the strata as a plant growth media.

Greenhouse Yields and Observations

The degree of surface cracking of the overburden was given a

numerical designation as follows:

- none
1 - very slight
2 - slight
3 - moderate
4 - extreme

The degree of salt crusting was also observed and recorded as follows:

- no salt crust present
1 - 1-30 percent of surface area covered with salt crust
2 - 31-60 percent of surface area covered with salt crust
3 - 61-90 percent of surface area covered with salt crust
4 - 91-100 percent of surface area covered with salt crust

Blackened leaf tips were observed and frequency of occurrence, within
pots, was recorded as follows:

- no plants with black leaf tips
1 - 1-4 plants with black leaf tips

2 - 5-8 plants with black leaf tips

3 - 9-12 plants with black leaf tips
4 - 13-16 plants with black leaf tips

These blackened leaf tips (5-10 mm) changed to a brown color after
1-2 weeks. Although the leaf tips died back, there was no evidence
of overall yield reduction of plants so affected.

Roman numerals 1 and II in Table 37, Appendix F, refer to replications
Duplicate pots were run on all soil and bedrock samples for which
there was adequate soil material.
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Photograph 7

HORSE NOSE

BUTTE
N DAKOTA

PHOTOGRAPH 7 - Range in Western Wheatgrass Growth
on Overburden Samples from the
Horse Nose Butte Study Area
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Average Plant Dry Weight. g/pot12 3 4 3
Average Plant Dry Weight .g/pot

1 2 3 4 5

S 120

160

240

200

240

Average Plant Dry Weight
, g/pot12 3 4 5

SS3 Horse Nose Butte
DH -75-103

3001

15

30

45

60'

75

90

Average Plant Dry Weight
,
g/pot

1 2 3 4 5
Lvv^vvvvvvy^^^svv^j r— —

-

t— ——,0

25

50

c 75

100

125

150 L

1

sssss^

Horse Nose Butte

DH -75 -104 .7

14

It

21 -o

28

35

42

Figure 20. Yields of western wheatgrass on bedrock samples
from Drill Holes 75-101 through -104, Horse Nose
Butte Study Area, North Dakota
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Figure 21. Yields of western wheatgrass on bedrock samples from
Drill Holes 75-106 through -108, Horse Nose Butte
Study Area, North Dakota





Figure 22
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Figure 22. Yields of western wheatgrass on soil profile samples
from the Horse Nose Butte Study Area, North Dakota





Additional Data

Blackening of the leaf tips was observed on various samples. This

blackening of the leaf tips was hypothesized to be boron toxicity,

but work done by Bureau of Reclamation personnel in Billings, Montana,
showed that there was no correlation between the amount of hot water
soluble boron and the amount of blackened leaf tips.

In some cases, sufficient soil material was not available for the

desired sample weight of 2.0 kg. It was not known whether significant
yield decreases would result from these samples. Three soils with
five sample weights (2.0, 1.9, 1.8, 1.6, and 1.4 kg) were tested
-following the previously described greenhouse procedures. The results
of an analysis of variance (AOV) showed that there were significant
differences in yields between the sample weight (0.001 level). Since
the AOV showed there were significant differences, a Duncans Multiple
Range test was conducted. Results of this test showed that there were
significant differences in yield at the 5 percent level between all

sample weights except 2.0 versus 1.9 kg; 1.9 versus 1.6 kg; and 1.6

versus 1.4 kg. This shows that for statistical comparison purposes,
a sample weight of 1.9 or 2.0 kg is needed for this study.
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ALTERNATE OBJECTIVES OF RECLAMATION

Three reclamation objectives and nonmining were considered as possible
alternatives for the Horse Nose Butte Study Area. Because of the need
for energy and indications that the area could be reclaimed if surface
mined, the nonmining option was considered unacceptable.

Objective No. 1 would require mining plans that return the surface
mined area to the present condition or at least as near as possible to

present conditions. This objective is not practical under present mining
practices and it is also doubtful this objective would meet the desires
of the agricultural community. Physically, the present topographic
conditions could be recreated but revegetation and stabilization of

disturbed material with similar relief and exposures in a short time
(3 to 7 years) is near impossible.

Mining plans to meet Objective No. 2 would provide for stripping and
stockpiling suitable material for surfacing shaped spoils with a uniform
depth of similar material. This objective can be met and would generally
be accepted. The reconstructed profiles can be revegetated and should
stabilize with the climate readily. It is also the most economically
feasible objective.

Using applicable methods described under Recommendations for Reclamation,
material for surfacing reshaped spoils would be stripped and stockpiled.
The quantity of top dressing and subsurface material would usually be
limited to the amount of good quality material available in each tract
being stripped or 5 feet. Profile improvement would be limited to tracts
with numerous shale and till outcrops with a very thin soil mantle, and
tracts with solenetz and solodized solonetz soils. Tracts with deep
soil would have a reduced agricultural potential. This objective is

easily attainable in the Horse Nose Butte area and will satisfy the
environmental requirements for revegetation.

Objective No. 3 would require mining plans that would make the best use
of all suitable material. Areas deficient in surfacing material would
be improved by borrowing material from deep soil areas. The idealized
objective would reconstruct profiles in most areas that would be capable
of maximum agricultural productivity attainable in this climatic area.
Legal limitations on transporting material across ownership lines,
distance from deficient tracts to available material, and overall
economic limitations will prevent attainment of the idealized conditions.

Reclamation and revegetation plans for the Horse Nose Butte Study Area
should consider combination of Objectives Nos. 2 and 3. Present
productive capacity of the better dry farmed land would be retained
and many tracts of low quality range land would be improved.
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RECLAMATION PROBLEMS AND RECOMMENDATIONS

Hydrology

The Horse Nose Butte site is located in a recharge area for the

shallow local ground water flow system. Due to the low permeability

and small thickness of sandstone beds, the study area contains no

major shallow aquifers. Fracture zones in the lignite will supply

small amounts of water to farm wells, but the lignite beds generally
are not significant aquifers. Ground water flow from the study area
is toward lowland areas along Spring Creek and its tributaries.

Under the most adverse postmining conditions, water and oxygen moving
through the planned mine spoil banks could react with pyrite and form
sulfuric acid which could react with calcite and dolomite contained in

the aquifer matrix, resulting in a calcium-magnesium sulfate type water.
Generally the dissolved-solids concentration would be below 6,500 mg/1.
Ion exchange on clay materials will produce a sodium sulfate water type
that will move downgradient toward discharge areas. Gypsum present in

the spoil banks could be readily dissolved and could cause an increase
in the sulfate content in the ground water downgradient from mine sites.
The foregoing most adverse condition should not occur in this study area.
North Dakota law requires stripping, stockpiling and placement of good
quality material, if available, on reshaped spoils. There is adequate
good quality material low in gypsum and with little or no pyrite for top
dressing and subsurface material. This material should have the capability
of storing the moisture from precipitation. Deep aquifers are protected
from direct contamination from the mining by the relatively impervious
Cannonball Member in the Fort Union Formation and by confining beds in
the Hell Creek Formation.

Short-term geochemical effects will be limited to mine ponds and lakes
at the mine site. If these surface water sources are discharged to
tributaries of Spring Creek, an increase in dissolved solids will occur
at low flow. The long-term geochemical effect will be an increase in
dissolved solids in water from the local flow system downgradient from
the mine site.

Small quantities of water are available from ground and surface water
sources in the Dunn Center area; however, the only reliable water source
for extensive reclamation is from the Little Missouri River area of
Lake Sakakawea.

Continued monitoring before, during and after mining is necessary to
determine changes in the hydrologic system.

Vegetation, Soil Water and Soil Detachability

All of the soils interact similarly with water, so a single family of
linear relationships between moisture content and moisture retention
force can be used to define the vegetation-soil-water relationships.
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About 3 feet of the extensively occurring medium-textured (silt loam)

soil are required to store the accumulated moisture from normal
amounts of winter and spring precipitation under low runoff conditions.
Greater depths of soil are required to store the precipitation during
years that are wetter than normal.

On the uplands, highest yields of grasses occur where about 3 feet of

relatively coarse soils overlie finer-textured soils. This causes
part of the soil water to be "perched" and thus more readily available
to plants. Appreciable depths of sandy loam materials that occur in
some lowland areas would provide a source of relatively coarse material
to place over finer-textured soil if it is desirable to increase the
productivity of mid or tall grasses on the area after mining.

Susceptibility of the soils to erosion is moderate to high. Lowest
detachability rates were measured on samples from the top 20 inches
of the soils where concentrations of organic matter and roots were
greatest. Replacement of these materials on the surface after mining
would reduce erosion and retain the beneficial microbial population.

Topsoil materials tend to be compacted when they are replaced during
the rehabilitation procedure. Some type of mechanical treatment to

hold the water on the surface while it infiltrates, or a series of

controlled irrigations by sprinkler would reduce this compaction and
thus increase infiltration and permeability and reduce runoff and

erosion.

Sediment Yield

There are numerous alternatives for which reclamation plans could be
designed. The recommendations presented here assume that the objective
is to return the land to premining uses and to about the level of pre-
mining productivity.

The values for the variables involved in predicting postmining sediment
yields from the study area are difficult to determine until mining plans
are available. Therefore, no attempt was made to assess specific post-
mining conditions. However, several considerations can be emphasized
with regard to sediment yields, and general recommendations can be made
which should minimize sedimentation associated with surface mining.

Under actual mining conditions, it can be expected that sediment control
practices will vary with the locations selected to mine within the

study area and the intensity of control will also vary— for example,

problems associated with mining on a 15-percent slope will differ from

those of mining in areas with to 4 percent slopes.
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During mining, the outer slopes of raw, ungraded overburden areas

would be expected to yield sediment at rates of perhaps 10 or more

times greater than those presently estimated for the study area.

For areas being returned to rangeland, sediment yields rates, perhaps,

will be two to five times greater than rates from present rangeland

during the A or 5 years of rehabilitation period after reshaping,

topsoiling and seeding of adapted native grasses. After this period

and when the vegetation is fully established, water-stable soil
aggregation is reestablished and the channels have stabilized, sediment

yields rates should approximate the present rates. Sediment yield
rates from areas returned to cropland, using topsoil, will also be
greater than present rates until probable compaction is worked out

of the soil and soil aggregation is reestablished. After that time

the sediment yield rates from the cropland should approximate present
rates.

Certain control measures during the mining and rehabilitation periods
would prevent significant increases in sediment discharge to Slow Creek.

Temporary reservoirs downstream from the mine area could be used to

trap sediment. These may have to be cleaned periodically and perhaps
it will be desirable to destroy the reservoirs and rehabilitate the

sites after the rehabilitation period. Another alternative that may
apply in certain locations would be to spread sediment-laden flows
on relatively flat, grassy areas downstream from the mine (Miller et al.

,

1969). Close-spaced contour furrowing (Branson, Miller and McQueen,
1966) or gouger pitting (Sindelar et al. , 1974) would minimize sediment
yield from restored rangeland during the rehabilitation period and aid
in establishing vegetation.

Design of the reconstructed drainage systems will be an important
variable to consider in the rehabilitation planning process. It is

imperative that drainageways be established as soon as feasible and
that special methods be used to aid vegetation establishment in the
drainage bottoms. Sediment yields would probably be minimized if the
reconstructed drainage system included relatively wide valley bottoms,
which would cause flows to be shallow and nonerosive, and permit
sediment deposition from the flows.

Drainage from haul roads and other impervious areas should be prevented
from concentrating into large, erosive flows. The cut and fill slopes
along haul roads should be stabilized with grass, if possible, to prevent
erosion. Any water that is discharged from the mine pits should be
released as low to moderate flows to prevent possible erosion by head-
cutting, particularly in small channels. It may be necessary to divert
Slow Creek where it crosses the study area in section 3 (plate 26) and
to impound flows of some tributaries during the mining period to prevent
water from entering the mining area.
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Surface Shaping and Revegetation

Successful revegetation of surface mined areas require: (1) stockpiling
material, (2) shaping and placing of material, (3) planting and seedbed
preparation, and (4) management of the revegetated area until the
vegetation has been permanently reestablished. In North Dakota, the
landowner's written preference for a land use plan covering his affected
land must accompany the reclamation plan.

Stockpiling Material

Selection of material for topdressing reshaped spoils to the desired
topography requires proper planning before mining, but the final
selection of materials, methods of stripping and stockpiling will be
accomplished during the actual mining process. As a first step, the
A horizon and most of the B horizon could be stripped and stockpiled
for topdressing. Plate 34 shows the depth of topdressing material
and plate 33 shows the quality of this material. Conditions in the
stockpile will differ from that of the inplace soil with regard to

moisture, aeration, temperature and light. This will affect the
naturally occurring cycles of the organisms present. Since biological
activity is primarily confined to the solum where organic matter is

present for a food source, proper storage is very important. Activity
in the parent material is nil and storage can be accomplished with less
risk of degradation.

Conclusive research has not been accomplished on topsoil stockpiles
and their effect on biological activities, but some conclusions can
be drawn. The effect on organisms will coincide with the state of

the topsoil when stockpiled. Temperature and moisture would be more
constant than in situ. Cold temperatures diminish biological activities,
The size and depth of the pile could favor anerobic organisms over
aerobic activities. Some nitrogen loss in the form of ammonia could
occur. A dry cold soil will have little biological activity.
Organisms associated with light would decrease.

No long-term effect on the soil biological ecosystem is expected. The
reduced activity and number of organisms will return to normal after
the soil is spread on reshaped spoils.

The texture of the material to be saved for topdressing and reclamation
ranges from loam to clay loam. The topdressing material can be
selectively stripped to produce a dark colored loam with over 2 percent
organic matter. It would be an excellent media for grass indigeneous
to the area or crops. This material is nonsaline, nonsodic and has
less than 10 percent lime. Native fertility of the material is good.

It would be desirable, if economically feasible, to deep plow the land
to the depth of the planned surface soil cut where possible. At this
stage, stones could be removed and placed where they can be buried later.
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The material for topdressing can then be removed and stockpiled or

spread on shaped spoils. Surface soil suitable for substratum use

can be removed and stockpiled. Unsuitable surface soil, subsoil,

and substratum would be deep buried with the spoil.

The second step would be the removal of suitable substrata for stock-

piling or placement on shaped spoils. The depth of this material will

range from to over 11 feet deep. Substrata not suitable for

reclamation purposes would be handled with the spoil which will be

deeply buried. Plates 35 and 36 show the amount and quality of the

substrata. Control of stockpiling practices is necessary to assure
segregation of material of contrasting textures such as sandy loam,

loamy sand, or sand from finer textured material. These materials
should not be randomly mixed with clay loam or finer textures; however,
planned mixing to a homogenous mass may be desirable. Placement of

contrasting textures in a stockpile or a soil profile affect moisture
movement and may cause lateral water movement and zones of saturation.
The sandy substratum materials would be best for placing in the same
profile to depths of 3 feet or greater. Stockpiles should be planned
to hold erosion to minimal levels.

Thin coal seams occur sporadically in the site within the material
that may be stripped and stockpiled. The coal is usually acid and

should be separated from the stockpiled material or mixed with alkaline
material. Mixing to minimize the acidity appears feasible.

Shaping and Placing Material

The present topography of the site ranges from nearly level to strongly
rolling. The land use of the area will most likely revert primarily
to cropland with a minor amount of grazing land. For these purposes
and for erosion control and drainage, the land should be reclaimed to
as gentle a grade as possible. Slopes ranging from nearly level to
less than 4 percent would be optimum. This would increase the possi-
bility of deeper soil profile development, reduce erosion, increase
infiltration of rainwater, permit a desirable field layout, and would
increase the productivity of the land. Reconstructed slopes should be
long, smooth and blend in with the surrounding terrain. Slopes should
be planned to provide drainage for adjacent areas which now naturally
drain through the site as well as drainage of the specific site area.

Prior to spreading of stockpiled material over the shaped spoils or
placed substratum, the material should be chiseled with a plow to

provide a broken and open surface so topdressing material and substratum
material will be in good contact. This will facilitate air, water, and
root movement from horizon to horizon and eliminate compacted layers.
A loss of contact between layers could restrict water movement which
could reduce plant growth. The profile development process would be
delayed.
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Elements generally considered toxic include selenium, arsenic, molyb-
denum, fluoride, boron, lead, mercury, and barium. Quantitative
analysis for tbese elements was not performed, but there was no evidence
that these elements occur in the area in harmful amounts.

Saline or saline sodic material (comprised most generally of chlorides
and sulfates of calcium, magnesium and sodium) should be placed below
3 feet in reconstructed profiles. However, it may be placed nearer the
surface if adequate higher quality material is not available and the
water movement potential is adequate for leaching. Sodic material is

more harmful in the surface layer than in the substratum as it prevents
infiltration of water into the soil profile and surface crusting occurs.
This sodic material increases the erosion hazard. If sodic substratum
must be used, it may be feasible to apply gypsum before the topdressing
is placed.

Planting and Seedbed Preparation

Prior to seeding in the first year of reclamation, the surface soil
should be plowed with a chisel plow in two directions and harrowed.
Two operations with the drag harrow may be necessary for adequate
seedbed preparation. If fertilizer is needed, it should be spread
prior to the second dragging operation. The rate of application and
fertilizer type should be based on soil tests and recommendations of

the Extension Service. A mixture of 4 pounds of intermediate wheat-
grass, 3 pounds of tall wheatgrass, 3 pounds of alfalfa, and 1 pound
of sweetclover per acre should be considered for a precropland
vegetative site. Small grains sown at the rate of one-fourth bushel
per acre can be seeded as a companion crop. Planting should be done
with a press drill.

The reconstructed lands that are suitable for a grassland regime only
should be prepared and fertilized in a manner similar to lands that
will be cultivated after revegetation. One suggested mixture consists
of 2 pounds of pubescent or intermediate wheatgrass, 2 pounds of blue
grama and 2 pounds of tall wheatgrass per acre should be seeded with
a press drill. This land should also be protected from grazing during
the initial 3-year period, then controlled grazing should be practiced.

Almost any soil element is toxic when it is present in abnormally
high concentrations. Such abnormalities may be natural to the material
or applied as salts in fertilizer, insecticides, or fungicides. Effect
of fertilizer, insecticides, or fungicides are nil in the specific
study area.

Management

Natural rainfall is adequate in the spring and often in the fall of
the year for establishment of a vegetative cover; therefore, supple-
mental irrigation for vegetative establishment is not proposed.
Irrigation should be used to salvage newly seeded areas if precipitation
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is below normal. If irrigation is used for the initial vegetative

establishment, the source of water should be checked in regard to

quality. Water containing abnormal high quantities of sodium or

higher E.C. values should not be used. Water with a SAR of under

10 and E.C. values under 1,000 are preferable.

Most areas of reclaimed land on the Horse Nose Butte area will be
underlain with sodic and saline material below 3 feet. The upper
3 feet will be chemically suitable for irrigation; but this sodic

substratum material will be slowly permeable. The area would not be
self draining. The potential movement of water into subsurface
drains is low. Therefore, sustained irrigation should not be

proposed for this area because the chemical and physical data indicate
a desirable salt balance could not be achieved in the lower horizons.
Subsurface drainage costs would be excessive.

Grazing or other use of the established vegetation should be deferred
for a period of 3 years. Subsidence of the material should take place
during this time. After this period the land could be used for
cultivated crops or pasture as the operators needs dictate. Conser-
vation planning can be carried out in cooperation with the local
office of the Soil Conservation Service.
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ENGLISH TO METRIC (SI) CONVERSIONS

A dual system of measurements—English units and the International

System (SI) of metric units—is given in this report. SI is a consistent

system of units adopted by the Eleventh General Conference of Weights and

Measures in 1960. Selected factors for converting English units to SI

units are given below.

Multiply English units By_ To obtain SI units

Inches 25.40
2.54
0.254
0.0254

Feet 0.3048

Miles 1.609

Pounds 453.60
Ton 0.9072
Acres 0.4047

0.004047
Square miles 2.590

Cubic inches 16.39
Gallons .003785

Acre-feet .001233

Feet per mile 0.1894
Inches per hour 2.54
Feet per day .3048
Pounds per square inch 70.31
Atmospheres 1033.27
Bars 1019.78
Pounds per cubic foot 0.01602
Pounds per acre 1.1206
Feet squared per iday 0.0929
Cubic feet per se cond 0.02832
Gallons per minute 0.06309
Cubic feet per second per 0.01093

square mile
Pounds per square yard 0.5426

per hour
Pounds per square foot 4.8827

per hour
Btu per pound mass 2327.8
Degree Fahrenheit Tc = Tf-32

millimeters (mm)

centimeters (cm)

decimeters (dm)

meters (m)

meters (m)

kilometers (km)

grams (g)

tonne (t)

square hectometers (hrrr)

square kilometers (km )

square kilometers (km2 )

cubic centimeters (cm-')

cubic meters (mJ )

cubic hectometers (hm-5

)

meters per kilometer (m/km)

centimeters per hour (cm/h)
meters per day (m/d)

grams per square centimeter (g/cmr)
grams per square centimeter (g/cm2 )

grams per square centimeter (g/cm2 )

grams per cubic centimeter (g/cnw)

kilograms per square hectometer (kg/hm2 )

meters squared per day (m2 /d)

cubic meters per second (m-Vs)

liters per second (1/s)

cubic meters per second per square
kilometer /T(m /s) /km J

kilograms per square meter per hour
(kg/m2 /h)

kilograms per square meter per hour
(kg/m2/h)

joules per kilogram (J/kg)

degrees Celsius (°C)

1.8
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189.8-190.4 - Broken, hard lignite.
190.4-193.5 - Core washed away; drillt

cla' I Its'

i gray

193.5-194.8 - Shale
194.8-195.8
shale & light gray claye
19S.8-202.8 - Medium to dark gray pla
tic, carbonaceoua shale with lignite
199.5 to 199.8'; cut by numerous lrre
ular 10 to 45° sllckensldes on 1 to 4

RESOURCE a POTENTIAL RECLAMATION EVALUATION
HORSE NOSE BUTTE STUDY AREA
DUNN CENTER LIGNITE FIELD

GEOLOGIC LOG OF DH 75-/03

* r ,97€ 11305-600-85





GEOLOGIC LOG OF DRILL HOLE
Butte Study Site

E Dunn Center Lignite Field project EMRIA No. 9

DH 75 „u LOCATION 107 °' ^ ° f m Co™"> S«" Altimeter
''"

i PH. 75rlP4 tlon 15] T . lfi4 N-i R , 94 w . grourdelev .228;*

„ .10/20/75

46,2' U/4/75.<2234,8). logged by Taucber

GEOLOGIC LOG OF DRILL HOLE 2 .3..

re .punn. Cen^ei

10. PP. 75r).04
L0C

.1P/W/75. . pini

.UgQlM.Held PROJECT
TI0N.W7Q! .5, 0( .NE.Qorner. Seq-

hed. 10/20/75

?D.«.2!..U/4rt5..(«34,91. log

No, .?•.
.

.228U.

North Dakota.

Riz } .

.

.
y.e.r.t.lcaj.

'. 2-3/4" w:

core 103.6 I

133.5*. Little <

und Lignlti

following Intel

46. 8 to 48.9'

to 83.7
96.3 to 89.4

to 93.9
96.5 to 99.0

Ll/4/75 W.L. 4i

lelov ground su:

iackfilled hole

2167.0

2162

SENTINEL BUTTE FORMATION - PALEOCENE
6.5-50.0 LIGNITE: Black; model

lengths.

50.0-80:8 SILTY SHALE f, CLAYEY SILTSTONE
Light gray; molai

i difficulty;Jltl

14".

50.0-54.2 - Moderately plastic silty
shale; bedding not readily discernible
several 1/8" lignite streaks 53.2 to
54.2'.

54.2-56.3 - Slightly plastic clayey
•slltstone; bedding not discernible.
56.3-60.0 - Moderately plastic silty
shale; bedding not readily discernible
clayey slltstone 59.0 to 60.0'; botton

ult lignll

60. 0-60. S - Blacl

r slick.

56.9';
lte at !

lignlti

Is irregular 70" alicl

llti

lai

aide

"I
- 1/8 to 1/4" lign

treaks 64.2 to 65.2'; llgnltlc shale
7.0 to 67.3'; 4 - 1/8 to 1/4" lignite
treaks 68.2 to 68.5'; dark gray ligni
hale with 1 to 3" lignite streaks 68..

o 69.4'; lignite 71.2 to 72.1'; 1" llg -

lte at 77.8'; medium to dark gray llg-

Itlc shale with numerous k to 2" lignll
treaks 77.8 to 79.8'; lignite 79.8 t

0.1'.

8-99.4 LIGNITE: Black to dark gray;
derately hard to hard; breaks along
dding; 1 to 3" core lengths.

19.4-114.0 i

fl

1/i

enerally along I

laatic to plastic; be.

iscernible; becoming [

12.5'; 50° slickensid.
06.6' ; lignite 109.0 I

SHALE. Medium gray;
ms by knife with dlfl

te noduleito V

not readily
silty below
104.5 &

3 I

SAHDSTOSI TO SANDY SIL

with difficult:

Laminated light

^SteFS^^ld
;l

'.

,

.

2

"-»"•" GEOLOGIC LOG OF DRILL HOLE

E

H
gu^ gfSSRglR iI!S* ^^ EMRIA No. 9

nu -,= ,„ location l070 ' s - " f *£ Corner. Sec- Altimeter ,,„','

' ^ !W}-OC"'
?iOB 15( T l„ H ^ R . 94 H .

GROUND ELEV .22B1±
,

.10/14/75. finished. 10/20/75 . depth. .13.3. .3.

.

V

aSo
E
d*te«

F
eI!sJr

E
eo 46.2.* 11/4/75 (2234.8). . logged by. ... .Tauchex I

North Dakota

mz ) . .
yp.rWpal

firm; trims by knife with aomi

culty; alternating medium plai

shale 6 low plasticity clayey
hard; cemented claystone conci

120.4 to 120.8'; allty fine gi

stone 120.8 to 121.2'; scattered 1/8 to

V marcaslte nodules generally along
bedding planes; 3 to 36" core length.

123.5-133.5 SANDSTONE: Alternating
laminations of light gray sandston
medium gray clayey si .tatone 123.5
125.5'; near clean, f

eandatone 125.5 to 13 1.3; moist; c

easily between finger b; several k"
marcaaite nodules 123 5 to 125.5';
lengths 8 to 24".

Hoi'se Nose Hui

tUf;d
wtS*

RESOURCE a POTENTIAL RECLAMATION EVALUATION
HORSE NOSE BUTTE STUDY AREA
DUNN CENTER LIGNITE FIELD

GEOLOGIC LOG OF DH 75-/04

| I305-6QO-86





Plate 14

GEOLOGIC LOG OF DRILL HOLE

M&KJttifcl&folttr.
nn 7S ins LOC*tioh270D' . R. d. 1050.'

.
H.

11/13/75 finished H/18/75

p„0JECT EMRIA Ho.
\

of SE Cor- Altimetei

1.. R..94 KO«ND ELEV.

prth Dakota

, Verticsl..

2S.0' 12/8/75. (2.248.0)

Bole 5.0'

11/14/75. Hole dr

Nx drive samples
5.0 to 20.0'. Nx
rotation 20.0 to
31.8'. Set 6" Ca

to 15.0'.

Hole at 31.8'

11/17/75. 6" C

15.0'. W.L. at
10.8'. 2-3/4" wire
line core 31.8
62.0'. Using r

Little or no va

11/18/75. 6" Cs
15.0'. W.L. at
20.6'. 2-3/4" wl
line core 62.0 to
133.6'. Using
revert. No drill
water lose. Hole
completed at 133.

(

11/21/75 - W.L. at

17.6' (2255.4)

12/8/75 - W.L. at
25.0' (2248.0).
backfilled hole wl

pea gravel.

E^ii

U-12.M sim1

SAND:

-31.8 SANDY CLAY;

Oft; Ltely i

ly fi
coarae sand grain 6 51 fine to medium
gravel (maximum size JV); very alight
HCl reaction; calcareous 31.2 to 31.8'
glacial till (CL).

SENTINEL BITTE FORMATION - PALEOCENE
-'l.S-33.8 SILTY SANDSTONE:

ween flngers)33.0 to 33.8"

nt 33.0 to 33.8'; 1 to 6"

-54.9 CLAYEY SILTSTONE

onidi ted

SILTY SHALE:

Co laminated; eiltstonea are low plai
:ity & crumble -between flngere; shall
ire moderately plaatlc to plastic (. I

sasily with knife; very slight HCJJ n

33.8-38.8 - Slltstone with shale lai

51.6'; core lengths

..9-56.8 LIGNITE: B:

.ckenside a

.8".

8-70.1 SHALE WITH SILTY SANDSTONE I

Iiffi Sill

re medium gray
tfrm by knife

- light grsy, fine grain, uncemented
jmble between fingera; ilsyey slltsto
; light to medium gray, slightly plaa
:rumble between fingers with some dlf
Ity; moist; slight acid reaction; cor

lengths 3 to 12".
56.8-60.0 - Shale, bedding not discern

|

60.0-61.2 - Sllty sandstone with claye
tstone laminations.

61.2-66.0 - Shale with occasional

—,- TT—, .-;!!, 'jtlldv ^Jt'
E P"nn.Cen?pr.tignUe.Flel4.

3 m. 75-105 l

Horse Nose Butte Study Site
.Dunn Center .Lignite field. proje

JM.27QQV W.. fi. 105.0V H. of. SE. Cor-
r. SetUoji 14. I.. 14.4. N... H.. 94c w°.'

U/U/75 ..FINISHED. 11/18/75

l**So
E
d*te m

F
e"s*ure'd. 2.5.0 .

1,2/8/75 (.2.2.48.0) .. locoed (

GEOLOGIC LOG OF DRILL HOLE

EMRIA No..

Al timet
North Dakota

IB.) Vertical

5 ound Llgnl

folio log lot
71.2 o 74.2'

81 3 o 84.3
87 3 o 90.0
93 a 96.2
99 3 o 102.0

"~r

laminated clayey a:

3" thick.
66.0-69.1 - Alterni
shale, clayey silti
69.1-70.1 - Shale,

--^70.1-76.5 LIGNITE: 1

itely along bedding

of I

by i 25° si
lacks;

lengths.

77.3-80.9 SHALE: Medium gi

firm; trims by knife with some difflcul
plastic; air slacks; core length,
18".

80.9-102.5 LIGNITE: Banded black to dsr
brown; wet; hard; bsdly broken 82.6
84.0 & 93.6 to 102.5'; remaining coi

in 1 to 6" lengths; occaslonsl 80 t<

hair-line fractures.

102.5-103.5 SILTSTOHE: Dark gray; mi

crumbles between fingers with dlffit
some fine sand 6 clay (low plastlcit
highly carbonaceous 102.5 to 102.8';
moderstely carbonaceous 102.8 to 103
core lengths 2 to 6".

103.5-133.6 SHALE WITH SOME LIGNITE:

by knife with some difficulty; nederat.

ellty shale; air slacks; 60° joint st
130.6'; core lengths 6 to 18".

103.5-107.1 - Plastic, slightly carboi
aceous dark gr»y shale.
107.1-107.8 - Black, hard lignite.
107.8-119.2 - Plastic, medium to dark
gray shale with dark gray carbonaceoue
^•f.es 111.0 to 111.5 6 114.7 to 115.7'
119.2-121.3 - Alternating laminations
of dark gray plastic shale f. medium
gray clayey slltstone.
121.3-121.6 - Hard, cemented clsystonc

121.6-133.6 - Medium to dark gray piss
tic shale; 3/4" lignite at 127.2'; 1"

lignite at 128.2'; lignite 130.6 to
130.8'; 50° Joint at 123.9"; 60* joint

. EMRIA No... 9.
5

u
tiS fEc

d
)fiIlS

e

RESOURCE a POTENTIAL RECLAMATION EVALUATION

HORSE NOSE BUTTE STUDY AREA
DUNN CENTER LIGNITE FIELD

GEOLOGIC LOG OF DH 75-105

|l305-6QO-87





plate 15

Horse tfoae Butte Studs Site
E 6upn Center Ugpjte. ?*efd

,
DH 75-106 LOCATION 2660' W. . of SE. Corner,

"red W.-l'. M/*/7S. (2276,9)

GEOLOGIC LOG OF DRILL HOLE
KLA No. 9

ufv 2344+

lumeroue irregular slick
_. 151.7'; 60° ollekenelde at

.52.0'i 45° joint ac 154.2'; 90° joi
161.8'; core lengths 3 to 12".

165.3-180.5 SANDSTONE: Light gr

50.7-165.3 S1LTY SHALE: Dark gray i

knt
ilti _.__

.65.3";

: 150.7 to 151.7' ; light gray
> 158.0'; medium gray 156.0 to
oolat; lire: difficult cr Inning

:ely plaatlc; laminated
jan.U

i 164.

laminations 16

to 179.8' waah<

core length 2

ible

illtl

.lly I I fl
lit;

' during drilling;

^ ,H&hSd
i! 1HS'

RESOURCE a POTENTIAL RECLAMATION EVALUATION

HORSE NOSE BUTTE STUDY AREA
DUNN CENTER LIGNITE FIELD

GEOLOGIC LOG OF DH 75-106

11305-600-88





(,i 01 UGIC LOG OF DRILL HOLE

H
KK!Ss:.s

u
tiini:,
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^1 s!
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1
t
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" k
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1
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1
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Plate 17

GEOLOGIC LOG OF DRILL HOLE

Dunn. Cent*

. PH. 75-10*-°'

11/24/75 F1H

Eflojth Pakp.tA

oriz )
Vertical, .

ID.. ???????..

120.7' 12/15/75 (?18r

Hole started
11/24/75. Nx dri\

samples to 10.0'

Role at 10.0'

11/25/75. Hole
dry. Nx drive
samples 10.0 Co
15.0'. 2-3/4"

53.4'

Hole at 93.4'.

12/2/75
16.0'. 6" Cs at
5.0'. 2-3/4" wir
line co re 93.4 to
122.8*. Using

No drill
water loss;

I km

m

D?

E?'

-0 SILTY SAND: Brown and slightly

I to 1.5'i tan and
oxidized 1.5 to 3.0'; dry to damp; sol

approximately 80Z find, uniform sand

and 201 neoplastic fines; slight HC1

reaction; wind blown (SH).

SENTINEL BUTTE FORMATION - PALEOCENE
3.0-21.5 CLAYEY SILTSTONE : Tan to gray-
brown; dry to damp; oxidised; moderatel
firm; crumbles easily -between fingers;

laminated; broken h highly weathered
3.0 to 17.0'; moderately weathered and
broken in 1 to 3" piecea 17.0 Co 21.5';

moderately plastic; approaching silty
shale; slight HC1 reaction with active
HC1 reaction along white calcareous
deposlta In high angle fractures 3.0 to

4.0 and 9.0 to 10.0'; plastic sllty
shale 3.0 Co 5.0'; lignice 15.2 Co

15.3'; lignice 15.5 Co 15.6'; highly
oxidized with several sllckensides
15.2 to 15.6'; occasional small gypsum
Inclusions especially between 19.0 and
15.0'.

21.5-24.0 SANDSTONE : Tan to light gray;
1; moist; fine grain;
clean; crumbles easily
bedding not discern

lightly
uncemented; n<

between fingei

lble except laminated light and dark
gray carbonaceous sandstone 22.0 to

22.3'; slight HC1 reaction; core pulvei

lzed by drilling.

24.0-24.1 LIGNITE : Black; soft; broken

24.1-38.6 SIXTY SHALE AND SIL! - F :>;<

Gray-brown and oxidized 24.1 to 25.3';

light gray to Can and slightly oxidized
25.3 to 38.6'; damp; shales are roodere

ately firm and trim easily by knife;
siltstones are uncemented and crumble
easily between fingers; laminated; very
slight HC1 reaction; core lengths 1 to
12". .

24.1-25.3 - Moderately plaatic silty
shale with occasional V lignite and
gypsum Inclusions.
25.3-33.4 - Very low plasticity allr-
stocie; 2-1/4" lignite streaks 27.0 to
27.1'.
33.4-37.0 - Moderately plastic alley
shale with 3-1/8 to 1/4" lignite
atreaka 36.5 to 36.7'; oxidized
around weathered, gypsum lined, 90°
joint 33.4 to 35.4'; 6

37.0-38.6 - Low plasticity clayey
siltstone; highly oxidized, gypsum
lined (1/8") Joint 37.4 to 38.4'.

GEOLOGIC LOG OF DRILL HOLE

k
.

,EM8LA [

Hand Level

li/3?75

eV*?°:7! .i?/! 5V7 5
. ttV

TENor.th PAkotA

horiz ) .
.Vertical

ole ac 122.8'

2/3/75. W.L. at
34.2'. 6" Cs at

. 2-3/4" wire
line core 122.6 to

0'. 20 gallon
per minute water
loss 125.0 to 161.0
Using revert.
Pulled 6" Cs. Hole
completed at 161.0'

12/15/75. W.L. at
120.7' (2186.3).
,cki illed hole

with pea gravel.

5 pound lignite
samples taken a'

the following

i to 116.9'

120.2 Co 122.8
25.3 to 128.0

Light gray

1; crumbles

7 SILTY SANDSTONE :

lightly oxidized

easily between fingers; generally
pulverized; almost like river sand; n<

II reaction.
38.6-40.0 - Sllty, very fine grain
sandstone; beading not discernible.
40-0-41.7 - Low plasticity clayey
siltBtone; trims easily by knife;
bedding not discernible.
41.7-55.2 - Alternating laminations
et silty, very fine grain ssndstone
and low plasticity sandy siltstone;
oxidized moderately plaatic shale
54.7 to 55.0".

55.2-75.7 - Fine grain, uncemented
sandstone; trace of silt; bedding tu

diacernible; highly oxidized around
80° Joint 71.6 to 72.2'.
75.7-94.0 - Fine grain sandsCone with

h to 3" laminated silty sandstone or
clayey siltstone streaks on 3 Co 6"

centers; 1" circular marcasite noduli

at 85.5'.

94.0-98.7 - Fine grain, uncemented
;
bedding not discernible;

>ral i ala i 8.7\

8. 7-105.2 SHALE WITH SANDSTONE:
la moderately firm, plastic, carbona-
ceous in places and trims easily by
knife; sandstone is fine grain, brown,
oxidized and crumbles easily between
fingers; oxidized sandstone atreaka
99.4 to 99.5| 99.7 to 99.9, 100.3 to

100.5, 101.6 to 101.9, 102.0 to 102.2,
in,..', i 102.6 and

I

alternating laminations of dai

slightly carbonaceous, plasCli
and tan oxidized, uncemented I

104.0 to 105.2'; occasional g;

crystals at shale-sandstone ci

core lengths 1 to 12".

105.2-109.2 SANDSTONE: Tan; m<

103.1

gray.

slightly oxidized; fine grain; uncet

crumbles easily between fingers; get

erally pulverized by drilling; plasl
shale 107.2 to 107.3'.

moist; moderately firm; trims easily
knife; moderately plastic to plastic
bedding not readily discernible; bla<
broken, soft llgnitlc shale and lign:

108.2 to 108.8' (bottom contact Is 6(

slickenslde) ; dark gray plastic shall

108.8 to 109.8' with SO* slickenslde
109.2' and 30° slickenslde at 109.8':

black llgnltic. plaatic shale 109.8 I

Jx;

—""" GEOLOGIC LOG OF DRILL HOLE
Horse Hose Butte Study Site

"~
E ... Dunn.CenCer. Lignite. Field .. PROJECT. . .WK4.tf<J» .9

DH 75-10y-OCAT,OM "•?! ?' °* -W Cwjer, See-. Hand Level ,307±
tlon 15. T..144.B., .B..94.W.

grouhd elev. av
[

11/24/75, FIHISHE0 12/3/75 BEPTH- MQ-.-fl..

md'pate hemureV 120- 7 12/15775 (2186.31 logged by. Tsgcber (

North. Dakota

UZ |
Vertical

111.7' with highly oxidized sandsCone
containing numerous gypsum crystals
110.6 to 110.7'; core lengths 2 to 12"

III. 7-128. 5 LIGNITE : Black', wet; broke
along bedding planes on 1 to 8" center
occasional 90° hairline fracture;
scattered gypsum crystals 111. 7 to 112

128.5-140.8 SILTY SHALE : Mostly light
gray; moist; moderately firm;
easily with knife; bedding nol

lble 128.5 to 135.5"; laminated and
more sllty 135.5 to 140.8'; brown to
dark gray, slightly oxidized and llg-
nitlc 128.5 to 130.0'; light gray to
tan and slightly oxidized 130.0 to
134.5' with dark gray llgnltic shale
134.3 t* 134.5'; broken lignite 134.5
to 135.2'; alternating laminations of
shale and silcy ahale 135.2 to 140.8'
70 Joint with associated 30 to 40°
allckenaldes 130.5 to
IS to 20° allckenaldes above 11)

134.3 to 134.5'; maderately plat
begins to air slake in places; <

lengths 3 to 12".

140.8-161.0 SILTY SANDSTONE AND SANDSTOHI

;

Light gray; moist to wi

cohesion; crumbles easily between f lngei

9

silcy and very floe grain 140.8 to 147.

I

fine grain and near clean 147.4 to 161.

C

bedding not dlscernibli
(-is") marcasite nodules 140.8 to 147.4';
80 to 90° tight Joints 149.4 to 151.

1

begins to wash away In places during
drilling.

Horse Nose Butte Study. Site
Dunn- Center- Lignite Field

RESOURCE a POTENTIAL RECLAMATION EVALUATION
HORSE NOSE BUTTE STUDY AREA
DUNN CENTER LIGNITE FIELD

GEOLOGIC LOG OF DH 75-109





Plate 18

Hon
GEOLOGIC LOG OF DRILL HOLE

Study !

Dunn Center Lignite EleJ

4 .2400'. H
. .5*<^ .w-

1/19/76. FINISHED. .1/21/76.

w.
..76t 1 10

41.1* 2/2/76 (2209.9)

1/20/76. Nx driv.

samples to 15.0
2-3/4" wire line

j 15.0 to 43.5
Set 6" Cs to 5.0',

ig revert. No
IX loss.

*. 2-3/4"

line cote
0.6'. Usii

2/2/76 W.L. oc

41.1' (2209.9).
[ole backfilled
lth pea gravel.

ound lignit<
iples taken <

i following I SS
JZ2

0-0.5 SILTY SAND : Dark gray; moist;

roots; organic; approximately 40Z

very low plasticity fines and 601 very

fine, uniform sand (SM-SC)

.

SENTINEL BUTTE FORMATION -

0.5-47.8 SILTY SANDSTONE

Hi
ery i

slightly
moist with di

illche) 0.5 to

i grain; unce;

:arb<

lly between fingers; bedding not

erally discernible: clayey eilt-

ne 8.5 to 10.0 and 13.5 to 14.0';

d la 200 sieve 0.5 to 15.0 and 21.5

47.6'; 100 to 50 sieve sand 15.0

21.5'; scattered thin (1/8")

streaks 43.5 to 47.8'.

>7.8-66.6 LIGNITE : Banded black and

dark brown; moist to wet; soft and

badly broken 47.8 to 54.5'; moderate!

broken along bedding planes on 1 to

10" centers S4.5 to 66.6'.

i6.6-78.7 SHALE: Medl

y firm; trims by knife

with some difficulty; plaatlc; air
slakes; thin-bedded to laminated;

black, lignltlc ehale 66.6 to 66.9';

shale and dark gray lignltlc shale

66.9 to 68.4'; 70° slickensldes with

V to V of lignite at 68.5 and 69.2';

S-45° to 65° slickensldes 69.2 to

70.6'; lignite 70.6 to 71.6 and 71.9

to 72.1'; horlEontal slickensldes In

llgnitic shale 74.8 to 75.0'; occasion

lengths 1 to 18".

78.7-1 '6 SHALEY SANDSTONE : Alt-

of light gra^

isndstone and medium gra;

ihale (shale about 301);
'lth knife and crumbles 1

fine gra

en fingers

Sr»HKl!S"ft,?i"

Horse BBl BuTW SECT
Dunn Center Lignite 1

n»-,*-,Yi LOCATION I960 1

;

GEOLOGIC LOG OF DRILL HOLE

rth Dakota

Vertical

70.0' 2/6/76 (2177.0)

1/23/76. Nx drive

ole at 10.0'

Z26/76. Hole dry.
N* drive sanplt

9.0'

1/27/76,
at 33.0'. Hole dry
2-3/4-ln. wireline
core 19.0 to 34.2'

Lost all drill wet

In void 28.5 to
30.9'. Washed away

30.9 to 34.2'
Advanced 6-in. Ca

33.0'.

Hole at 34.2'

1/28/76. 6-in. Ca

it 33.0'. W.L. at
.0'. 2-3/4 in.
irellne core 34.2
o 43.0'. Lost
ore 41.0 to 42.2'

Void 42.2 to 43.0'

11 drill
(50 C.P.H.)

42.2'-43.0\ ttx dr

46.0'. Set NxCs t

45.6'. Nx core 46
56.0*. 30 G.P.

erloss 53.0 to
56.0'. Advanced
NxCs to 55.4'. Hx

56.0 1.6'

at 71.6'

1/29/76. 6-in. I

33.0'. NxCs i

71.6 to 91.5'.

mpleted. Pulle,

oved rig to 1

18.

5-pound llgnl 1

following Int.

to 70.0'

73.0 to 76.0

12- ft a

.7 I 8.B

S SAND ; dark
|

slightly organic; few roots; approxlmal
ly 15Z non plastic fines and 85Z fine
uniform sand; wind deposited (SM).

SENTINEL BUTTE FORMATION - PALEOCENE
2.4-6.8 CLAYEY 2.4 I

6.0'; yellow-brown and highly oxidlied
6.0 to 6.8'; dry to damp; uncetnented;
crushes between fingers with some
difficulty; active HC1 reaction In zone
low plasticity; laminated in zones;
streaks of cemented sandstone 6.0 to
6.8'; broken In 1 to 12-ln. piecea.
1.8-60.9 SANDSTONE: tan and slightly
oxidized; dry becoming moist with depth
fine grain; uniform; scattered streaks i

laminated sandy slltstone 9.0 to 12.0";
crumbles easily between fingers; unce-
sented; generally near clean; 1/8-ln.
lignite bands at 35.9, 36.0, 36.3 &
37.0'; soft clayey sandstone (351 medim
plaatlcity fines) 53.2 to 53.7, 54.8 to
55.0 & 55.5 to 56.0'; sllty sandstone
with 1 to 3-ln. laminated clayey slltsti
stringers 56.0 to 60.9'; H-ln. marcasiD
nodule along bedding plane at 60.8';
probably open Joints where driller
reported voids ^8.5 to 30.9 and 42.2 to
43.0' generally pulverized.

60,9-66.5 SILTY SHALE : light to medium
gray; molat; moderately soft; trims
easily with knife; Laminated; moderated
plastic; clayey slltstone 64.0 to 65.0''

very soft, dark gray carbonaceous shale
66.0 to 66.5'; core lengths 6 to 18 In.
66.5-83.6 LIGNITE : banded black to dark

own; moderately hard; broken along
ddlng planes on 2-to 6-in. centers;
60° fractures 82.6 to 83.6'.
6-90.0 SHALE : medium gray; moist;

ely soft ' wit]
air slakes;knife;

lignite fragment with associated slli

sides 84.4 to 85.0'; ^-la. lignite
(dip 25°) at 85.5'; hard lignite 86.1

I'; 70° slickensldes at 89.5 and I

i lengths 3 to 6 in.

90.0-91.5 SILTS TONE : banded light gn
jandy sil
illte

tstone and me lum gray clayey
>; mois .y so t;

easily
fine g

noderat ly pla tic cor length!

e Dunn Center
U
L.i^n,it.e FleJX.

1PH75-1U l

12/4/75 f

Study sin
GEOLOGIC LOG OF DRILL HOLE

jdy Si _.
Lignite Field project EMRIA, I

CATION 1500' S. & 2600* E. of NW Cort
ection.IZ.. T.. 14.4, N,,,. R.. .94 W. .

c

iijhed. .12/9/7.5. ..

[red 16.8" 12/19/73 (22Q1.2). locci

North pakoto

UZ.) .Vertical..

,
10.0'

Hole at 10.0'

12/9/75. Set 6"
I

to 5.0'. Hole dr
Nx rotation 10.0
to 43.0'. Reamed
hole i

5-; 1 bit,
2-i 3/4" wire line

43.0 to 55.0'

Using revert.
Lost 6 gallons of

15.5 to 16.0'.

Hole completed at

55.0'.

12/19/75 W.L. at
16.8" (2201.2').

filled with
pea gravel.

No lignite samplei

"A

I
'-4.0 SILTY SAKD : Dark gray, organic
with roots to 1.5", tsn and oxidized

to 4.0', dry approximately 20X
nonplastlc fines and 80X fine, uniform

nd; wind deposited (SM)

.

0-15.5 SANDY CLAY : Tan becoming
own with depth. Dry 4.0 to 10.0';
1st 10.0 to 15.5'; oxidized; acatt
,ite caliche deposits especially
itween 4.0 and 10.0'; approximately

55Z medium plasticity flnaa, 40X mos
with some coarse sand and 51 fi

, subrounded, igneous gravel (maxl-
size 3/4"); numerous lignite

fragments; glacial till.

SENTINEL BUTTE FORMATION - PALEOCENE
15.5-16.0 LIGNITE : Black;

i

16.0-44.0 SILTY SHALE : Tan and highly
oxidized 16.0 to 28.0'; medium gray to

and alightly oxidized 28.0 to 30.0';
urn gray and unoxldlzed 30.0 to
'; moist to wet; soft becoming
rately firm with depth; trims easil;
knife; laminated; moderately plastl
lastlc; several thin, uncemented

fine grain sandstone streaks 42.0 to
2.5'; core lengths 6 to 36".

.0-55.0 SANDSTONE : Light gray; m
wet; fine grain; near clean; unc

nted; slight cohesion; crumbles e
tween fingers; core lengths 6 to

RESOURCE a POTENTIAL RECLAMATION EVALUATIOt

HORSE NOSE BUTTE STUOY AREA
DUNN CENTER LIGNITE FIELD

I GEOLOGIC LOGS OF 76-110 B III

a DH 75-112





Plate 19

GEOLOGIC LOG OF DRILL HOLE
Butte Study Site

r LlgHltt Field F

Cation 2500' S. of US Comet
T.tlT.I),. ?.. «."•...

iishco .l/lt/T*...

[|E"o 57,'' m/lb (222*. J)

EMRIA No.

UHNR!

2/2/76 W.L. a
37.7'. Backfilled
hole vlth pea

tervals:

62.0 to 65.0'

68.0 to 71.0'

74.2 to 76.8'

Qirdiun gray lamlnatlona; top la shaley
itone or sandy ahale (low plastl-
gradlng to aandatone with depth;

aand la very fine grain, uncemented;
crumbles between fingers with some
difficulty; laminations dip about 20°

97.2 to 99.5' and are horizontal below
99.5'; scattered H to V marcaslte

landy half;
illy 1 lowei

lengths 3 i 12",

RESOURCE a POTENTIAL RECLAMATION EVALUATION

HORSE NOSE BUTTE STUDY AREA

DUNN CENTER LIGNITE FIELD

GEOLOGIC LOGS OF DH 75-113

a 76-114

MAr " 7S [1305-600-92





GEOLOGIC LOG OF DRILL HOLE

£ Dunn Ceot*r

.QH7.5-IU

.12/16/75

lose Butte Study

iS^?3S^ 6 2580- B. or?rc
Tom«^ ^fL

Section 11, T. 144 N. , R. 94 W. GROUND ELEV .f«

JL2/167.75

22.6" 1/7/76 (2207,4)

Hole started
12/16/75. Nx drive
samples to 28.5'

.

at 28.5'

12/17/75. Hole
.red at 12', Cold
.ther (-25*)

ipered drilling
(rations. Reamed
La to 28.5'.

c Hz Ca to 27.0
Hi drive samples
28.5 to 30.0'.

at 30.0'

12/18/75. Nx Ca i

27.0'. W.L. at
22.2'. Hx core
30.0 to 50.0'. Ni

dvanced to

30.0'. Fulled
Nx Ca hole

l/f/76. W.L. at
'. (2207.4)

2/2/76 W.L. at
22.9' (2207.1).
Hole backfilled
with pea gravel.

No lignite sampler

fragmen
lied to

°

u°[ J^J

26.S-28 LIGNITE
shattered.

28.0-40 3 SHALE:

Red; damp; angular
baked shale; pulvei
ices by drilling.

Kedlum gray and highly
:ie «.u to 33.2 and 36.3 to 40.3'

[

: gray, allty and moderately plaatic
to 36.3'; moist; firm; difficult
ting by knife; air elakes: bedding
eadlly discernible; slightly oxi-

I 28.0 to 30.0'; core lengths 6 to

40.3-50.0 SILTY SANDSTONE AND SANDSTONE:

0-1.0 SILTY CLAY : 81a<

few roots; approximately 60Z low
plasticity fines and 401 fine, in

ssnd (CL-HL).

sstlclty floes and 35Z fins, unlfoi
,nd; numerous, small (1/8") red, cllnkei

fragments, very slight acid reaction.

SENTINEL BUTTE FORMATION - PALEOCENE

40.3-46.5 alternating laminations of
light and medium gray, allty, Elne grain

ited sandstone; few carbooaceous
i 41. S to 42.3'; crumbles easily
i fingers. 46.5-50.0 light gray,

slly between fingers.

GEOLOGIC LOG OF DRILL HOLE

1000' S. of Canter S

.lPJ.T...J4.4.t)..,.il..94

0. . 1/23/76.

6.-3.' 2/2/76 (2220.7)

E.Nor*h Dakota

3R/7 > Vertical

drill rig

to 10.0
pie,

ion 10.0 to

. 2-3/4"
line core 27.

" Ca

Using
drill

49.0

wster loaa.

1/23/76 Pulled
6" Ca. Moved rig

to DH76-U1. Hole
completed at 49.0'

2/2/76 W.L. at
6.3* (2220.7).
Hole backfilled
with pea gravel.

5 pound lignite

phe following

*r~

///

0-5.0 SILTY SAND : Dark gray and organic
with roots to 1.5'; tan to gray 1.5

to S.0'; dry; approximately 151 neo-
plastic fines and 85Z fine, uniform
aand; top 1" contains about 251 very
low plasticity flnea; slightly calca-
reous 4.5 to 5.0'; wind blown (SM) .

5.0-27.0 SANDY CLAY : Brown; oxidired;
dry 5.0 to 10.0'; moist belov 10.0';
soft; approximately 35Z moatly fine
aand, 601 medium plasticity flnea and
51 fine, subrounded, hard gravel (max-

imum size 3/4"); active HC1 reaction
5.0 to 10.5'; slight to moderate HC1
reaction below 10.5'; numerous lignltf

: FORMATION -

27.0-37.2 LICNITE: Banded black to dark

1-49.0 SILT? SHALE WITH LIGNITE :

Hum gray with dark gray carbonacet

Iff itely
plaatic; bedding not res

lble; air alakea; llgnitlc with V
lignite bed (20° dip) 37.2 to 37.5';

hard lignite 38. 3 to 38.9'; Irregular
60 to 70R slickensldes 38.9 to 39.3';

V lignite at 39.3'; core lengths 1

to 12".

-TTol

i. PH7.6-.117 '

i Study 51t<
Dunn. Center Lignite. Field p

i
25JO' H, of SW Corner

.S*C,.3,.T,.U4 N-, R.

2/V7.6 ... finished .2/4/76.

*SD
e
B*?Ei

F
E*iJR

E
E
R
D .2- 2' 2/9/76 (217/.8)

GEOLOGIC LOG OF DRILL HOLE

>rt,h Dakota

,
Vertical

Nx drive samp!

to 12.6'. !

HxCa to 12.5'

core 12.6 to '

No drill watei

below 12.5'.

NxCa.

2/9/76 W.L. at

2.2'. (2177.8)

2/18/76 W.L. at

ground surface.

2180+. Water fr<

melting enow may

have filled hole

Backfilled hole

with pea gravel.

S pound lignite

the following lm

Fullel

777

I
0-1.4 SILTY SAND : Dark gray; moist;

oots; organic; approximately 25Z 1

lastlclty fines and 751 fine, uniform
and (SM).

sand la floe grain and
talna about 251 non to

flnea; allty clay 1.4 I

to 10.9'; core lengtha

10.9-27.3 LIGNITE : Black; molat to

soft and broken 10.9 to 16.6'; plastic,

soft, llgnitlc ahale 26.7 to 26.9';

core lengtha 1 to 6" below 16.6'-

-26. 2 SHALE:

26.2-31.7 SANDSTONE : Light grey;
ely 10X

nonplaatlc fines; fair cohesion, unce-

mented; crunblea between fingera; 1"

lignite fragment surrounded by a clusti

of marcaelte cryatsls 29.0 to 29.2';

bedding not readily discernible ; core
lengtha 1 to 6".

31.7-40.3 SHALE:
moderately oft

Hum gray;
i-lly I

laminated in places; several 1/8"

lignite streaks 31.7 to 32.5'; banded
llgnitlc shale (dip 10°) 33.3 to 33.7'

and 35.7 to 35.8'; lignite 33.7 to

35.7'; 60° joint at 39.5M air alakea;
core lengtha 2 to 12".

EMRIA No. 9 Dunn Centex Lignite, FXeii .

EMRIA No. 9

RESOURCE a POTENTIAL RECLAMATION EVALUATION
HORSE NOSE BUTTE STUDY AREA
DUNN CENTER LIGNITE FIELD

GEOLOGIC LOGS OF 75-115, 76-116
AND DH 75-117
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COAL RESOURCES





Figure 3
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Figure 3—Comparison on moist, mineral-matter-free
basis of heat values and proximate analyses

of coal of different ranks.





Figure 4

Figure 4,—Sequence of sample preparation and chemical analysis.
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Table 11

Table 11- —Comparison of composition of Sentinel Butte Member lignite

with composition of lignite from 10 mines in North Dakota and Montana

Sentinel Butte
lignite

(14 samples)

Lignite from 10 mines
(62 samples*)

Btu- 7,170 6,800

In percent

Moisture (as received) 30 (7 samples)

Fixed carbon (as received) 32 (7 samples)

Oxygen (as received) 40 (7 samples)

Si02 (in ash) 20

Na20 (in ash) 6

CaO (in ash) 17

MgO (in ash) 6

35

30

42

15

2

25

8

In parts per million

As (whole coal)

B (whole coal)

Ba (whole coal)

Be (whole coal)

Cd (whole coal)

Cr (whole coal)

F (whole coal)

Hg (whole coal)

Mo (whole coal)

Ni (whole coal)

Pb (whole coal)

Sb (whole coal)

Se (whole coal)

Ti
U

V
Zn
Zr

7 5

100 150
425 700

0.03 (3 samples) 0.15
<0.1 <0.1
2 3

<24 40
0.12 0.13
1.7 0.7
2 1.5
3 3

0.4 0.3
0.8 0.7

360 300
0.8 1.1
4 5

3 2

10 10

* Swanson, V. E. , and others, 1974.
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Table 15

Chemical analyses of water samples from USGS observation wells
[Analyses are in milligrams per liter (rag/1), except as Indicated]

Sample location: 144-094-03CCC

Date of collection: 03-23-76

Depth of well (feet): 50.0

Alkalinity, total

(as CaC0
3

) 190

Aluminum, dissolved
micrograms per liter

fog/1)
Arsenic, dissolved (ug/1)
Barium, dissolved (ug/1)
Beryllium, dissolved (ug/1)

Bicarbonate
Boron, dissolved (ug/1)
Cadmium, dissolved (ug/1)
Calcium, dissolved
Carbon, dissolved

organic

Carbonate
Chloride, dissolved
Chromium, dissolved (ug/1)
Cobalt, dissolved (ug/1)
Color

Copper, dissolved (ug/1)
Cyanide
Fluoride, dissolved
Hardness, noncarbonate
Hardness, total

Iron, dissolved (ug/1)
Lead, dissolved (ug/1)
Lithium, dissolved (ug/1)
Magnesium, dissolved
Manganese, dissolved (ug/1)

Mercury, dissolved (ug/1)
Molybdenum, dissolved (ug/1)
Nickel, dissolved (ug/1)
N0

2
+N0

3
as N, dissolved

pH. field

Phosphorus, dissolved, as P

Potassium, dissolved
Residue, dissolved,

calculated sum
Residue, dissolved,

ton/acre-foot
Residue, dissolved (? 180°C

Sodium-adsorption ratio
Selenium, dissolved (ug/1)
Silica, dissolved
Silver, dissolved (ug/1)
Sodium, dissolved

Sodium, percent
Specific conductance, field

(umhos/cm 25°C)
Strontium, dissolved (ug/1)
Sulfate, dissolved
Vanadium, dissolved (ug/1)

Water temperature (°C)

Zinc, dissolved (ug/1)

144-094-10DAA1

03-23-76

76.5

400

1 44-094- 12CCC

03-23-76

80.0

780

10 10

1

100

10

1

230

1

33

490
150

1

26

950
1

1

58

2.9 19 13

.9

1

?.3

25

6.6

20

3

.00
1.0

38
230

7

.00

.7

140

2

.00

.6

300

10
30
20
35

10

20
130
50

19

100

40
50

140
36

200

.0

.20

1.9

2

2

.07

.0

2

.00

7.5 7.4 7.5

.02

.8

.02

5.0
.08

12

247 526 3,490

.33

245
.71

525
4.76

3,500

o'

11

5.0

5.5

8.8

150

28

9.7

1,100

5 69 89

410
250
46

.2

800
740
69

.6

4,900
2,000
1,800

.3

6.5
10

8.0
60

8.0
20





Table 16

Chemical analyses of water samples: Surface-water sites

[Analyses are In milligrams per liter (mg/1), except as Indicated]

Sample location: 145-093-27ABC 145-093-300DC
Spring Creek Slow Creek
nr Werner nr Dunn Center

145-094-25DAD 145-094-26COO
Spring Creek Spring Creek
nr Dunn Center at Dunn Center

Date of collection:

Discharge (ft
3
/s)

Alkalinity, total

(as CaC0
3

)

Aluminum, dissolved
micrograms per
liter (pg/1)

Arsenic, dissolved (py/1)
Barium, dissolved (pg/1)
Beryllium, dissolved (pg/1)

Bicarbonate
Boron, dissolved (pg/1)
Cadmium, dissolved (pg/1)
Calcium, dissolved
Carbon, dissolved,

organic

Carbon, organic,
suspended

Carbonate
Chloride, dissolved
Chromium, dissolved (pg/1)
Cobalt, dissolved (pg/1)

Color
Copper, dissolved (ug/1)
Cyanide
Fluoride, dissolved
Hardness, noncarbonate

Hardness, total

Iron, dissolved (iig/1)

Lead, dissolved (pg/1)
Lithium, dissolved (pg/1)
Magnesium, dissolved

Manganese, dissolved (pg/1)
Mercury, dissolved (pg/1)
Kolybdenum, dissolved (ug/1)

Nickel , dissolved (ug/1)
NO.+NO, as N, dissolved

pH. field
Phosphorus, dissolved as P

Potassium, dissolved
Residue, dissolved,
calculated sum

P*s1due, dissolved,
ton/acre-foot

Residue, dissolved
ton/day

Residue, dissolved
9 180°C

Sodium-adsorption ratio
Selenium, dissolved (pg/1)
Silica, dissolved

Silver, dissolved (pg/1)
Sodium, dissolved
Sodium, percent
Specific conductance, field

(pmhos/cm G> 25°C)
Strontium, dissolved (pg/1)

Sulfate, dissolved
Vanadium, dissolved (pg/1)
Hater temoerature (°C)
Zinc, dissolved (pg/1)

09-25-75

2.2

400

7.60

04-22-75

148

36

45.6

09-25-75

1.6

460

5.44

09-25-75

1.4

360

20 — -- --

1 — — -.

<200 — —
10 — — —

490 44 500 440
580 60 — --

— — -.

69 6.7 74 62

— 16 — —

__ 1. 9

29
6. 8 1. 2 5. 6 6.3

10 — -- --

45
4

120 80 95

00 mm __ __

# 4 . 4 .4

370 32 390 320-

30
5

50

— 60 90

__ __ --

47 3. 6 50 41

40
3

- 80 140

2

2

- - -

01 - 05 .55

8.1 7. 6 8.4 8.0
, 02 — 02 .04

9. 1 5. 8 9^ 1 11

1,260 94 1,270 1,140

1. 74 .16 1. 71 1.58

4.38

1,280 114 1,260 1,160
6.6

10

1.2 6.4 6.3

4.7 6.6 11

290 16 290 260
63 47 61 63

1,850 170 1,850 1,550
1,500 — — —

580 34 560 530
2.2 .. .. -.

15.0 7.5 16.0 13.0
10 -- « —





Table 17

Radiochemical analyses of water samples

Sample location: 144 -094-03CCC 1 44-094- 10DAA 144-094-12CCC

Date of collection: 133-25-76 03-25-76 03-25-76

Depth of well (feet): 50 76.5 80

Gross Alpha as

dissolved uranium
natural
micrograms per liter

(ug/ij 5.6 — 52

Gross Alpha as

suspended uranium
natural (ug/1) <.4 3.4 <.4

Gross Beta as

dissolved CS-137
picocurles per
liter (pCi/1) 1.6 7.9 13

Gross Beta as
dissolved Strontium 90

(pCi/1) 1.3 6.3 11

Gross Beta as

suspended CS-137
(pCi/1) ^.4 3.1 <.4

Gross Beta as

suspended Strontium 90

(pC1/l) <.4 2.4 <.4

pH, field 7.5 7.4 7.5
Potassium 40, dissolved

(pCi/1) .6 3.9 12

Residue, total filtered 105 °C
milligrams per liter
(mg/1) 260 560 3,700

Residue, total nonfiltered
105°C (mg/1) 1 67 4

Specific conductance, field

(umhos/cm G> 25°C) 410 800 4,900
Water temperature (°C) 6.5 8.0 8.0
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Table 21
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Table 21.—Soil moisture data and related data for the vegetation and soil sampling sites

Symbols: h, horizon? d

weight in grams pf k cu6i
In grams PER G«am; pf ,

SOUARt CENTIMETER? MRC»

IN GRAMS PER GRAMJ Vmc.,

GRAM? SMC. SATURATION-M
VOLUMETRIC SHRINK IN CUB
ELECTRICAL CONDUCTIVITY
METER! PH. LOG OF HYDRO
WEIGHT OF ROOTS CONTAINS
TACHABILITY OF SOIL BY F

FROM A SOUARE METER OF S

WEIGHT OF PARTICLES OF
DIVIDED BY TOTAL WEIGHT
WHEN WET IN GRAMS PER GR
GRAMS PER GRAMJ MDM, MO

M. DEPTH IN DECIMETERS? VW, VOLUME
C CENTIMETER? SM, SOIL-MOI STURE CONTENT
LOG OF MOISTURE STRESS IN GRAMS PER
MOISTURE-RETENTION CAPABILITY AT PF 2.34
VOID-MOISTURE CAPACITY IN GRAMS PER

01STURE CAPACITY IN GRAMS PER GRAM; VSt
IC CENTIMETERS PER CUBIC CENTIMETER! ECt
OF SATURATED SOIL IN MILLIMHOS PER CENTI-
GEN CONTENT IN MOLS PER LITERj ROOTS.
D PER CUBIC DECIMETER OF SOIL! DET. DE-
LOWING WATER IN KILOGRAMS PER HOUR
URFACE? CPR, COARSE PARTICLE RATIO -

IAMETER GREATEP THAN .25 MILLIMETERS
OF SOIL PARTICLES? Mw. MOISTURE CONTENT
AMJ MDt MOISTURE CONTENT WHEN DRY IN
ISTURE STORAGE DEPLETED IN DECIMETERS.

H DM VW SM PF MRC VMC SMC VS EC PH ROOTS DET CPR

D 1

1 1.12 .032 5.22 .124. 0.51 0.38 .20 0.17 5.22 16.7 0.6 .022
1 2 1.28 .038 4.74 .099 0.40 0.27 .18 0.17 5.25 3.2 0.7 .024

3 1.44 .037 4.71 .093. 0.32 0.24 .17 0.14 5.95 1.7 0.7 .032
4 1.51 .040 4.94 .120. 0.28 0.24 .20. 0.19 6.25 1.9 0.7 .031
5 1.64 .035 4.6? .065. 0;23 0.17 .14. 0.12 6.75 1.1 0.7 .033
6 1.79 .062 4.50 .139 0.18 0.36 .22 0.63 7.90 2.4 18.6 .038

2 7 1.88 .046 4.62 .115. 0.15 0.27 .17. 0.48 7.85 3.2 17.0 .043
8 1.86 .097 4.42 .208. 0.16 0.79 .52 2.00 8.05 1.6 0.6 .008
9 1.67 .105 4.45 .230. 0.22 0.79 .56 1.67 7.92 0.8 0.5 .002

10 1.71 .115 4.27 .229. 0.21 0.64 .46. 2.55 8.22 0.4 6.5 .001
11 1.66 .121 4.33 .247. 0.23 0.92 .55. 2.78 8.05 0.7 1.3 .001
12 1.81 .119 4.32 .242. 0.18 0.85 .60 2. OP 7.95 0.3 0.4 .001

3 13 1.79 .121 4.33 .246. 0.16 0.80 .52 3.68 7.70 0.4 1.7 .001
14 1.80 .134 4.13 .247. 0.18 0.92 .66 1.82 8.12 0.2 0.5 .001
15 1.75 .127 4.26 .2b4. 0.20 0.86 .61 1.79 8.20 0.3 0.4 .001
16 1.75 .138 4.22 .266 0.20 0.74 .54 3.57 7.78 0.2 3.7 .001

D 2

1 1.01 .060 4.43 .1 JO. 0.61 0.44. .25 0.21 5.12 15.7 0.6 .014
2 1.18 .058 4.31 .116. 0.47 0.31 .25 0.31 5.28 5.2 0.7 .016
3 1.34 .062 4.24 .121. 0.37 0.32 .27 0.31 5.82 4.7 1.6 .015
4 1.39 .now 4.31 .179 0.34 0.43 .34 0.42 6.08 3.1 1.6 .007

] 5
'

1.47 .102 4.3^ .206 0.30 0.51 .40 0.48 6.48 2.3 2.6 .002
6 1.39 .079 4.23 .lt>4. 0.34 0.45 .37 0.53 7.25 5.8 4.5 .013
7 1.41 .053 4.15 .099. 0.33 0.29 .23. 0.27 7.50 2.3 9.3 .026
6 1.38 .073 4.0^ .129 0.35 0.36 .33 0.45 7.78 2.2 5.9 .017
9 1 .46 .054 3. 80 .067. 0.31 0.30 .20 0.46 7.70 1.7 15.9 .034

10 1.41 .055 3.3b .075 0.33 0.27 .16 0.86 7.62 1.7 35.5 .015
2 11 1.16 .044 2.30 .094 0.48 0.30 .19 1.25 7.95 1.? 23.7 .036

12 l.?0 .0b2 2.32 ,0b2. 0.45 0.25 .12. 0.69 7.88 0.2 129.9 .066
13 1.13 .105 1.69 .095 0.51 0.26 .19 1.04 8.02 0.7 28.6 .033
14 1.15 . 144 1.7b .126. 0.49 0.32 • )H 1 .04 6.05 0.6 32.5 .02(i

15 0.98 .147 2.16 .W2. 0.64 0.34 .31 1.52 7.46 o.« 5.b .026
16 1.15 .115 2.27 .113. 0.49 0.31 .23 1.35 7.62 0.5 2?.? .035
17 1.31 .112 1.81 .049. 0.39 0.27 .18 0.96 7.55 1.2 23.6 .037
16 1.50 .113 l.bn .095. 0.29 0.27 .16 0.83 7.70 0.6 3P.7 .036
14 1 .48 .078 1.47 .064 0.30 0.22 .12 n.4« 7.75 0.3 53.7 .061
20 1.52 .125 1.9 7 .115. 0.28 0.25 .16. 0.69 7.80 0.4 34.4 .044
21 1.38 .133 1.2b .104. 0.35 0.25 .17 0.66 7.65 0.3 53.2 .045
dd 1.64 .077 1 .6b .0b6 0.23 0.25 .15. 0.29 7.72 0.2 134.6 .067
23 1.49 .112 1.21 .0B7 0.29 0.27 .14 0.4Q 7.75 O.Q 67.1 .07<.

3 24 1.76 . 14b 1.3b .119 0.19 0.22 .1 1 0.56 7.72 0.7 41.5 .062
25 1.41 .18b 2.07 .175 0.33 0.23 .16 0.69 7.70 0.7 42.4 .053
26 1.63 .234 0.7* .lb6 0.24 0. J2 .19 0.7] 7.62 0.1 38.1 .015
27 1.63 .216 1 .60 .164 0.24 0.25 .lb 0.56 7.76 0.2 74.0 .057



3 1.35 .089 4.37
4 1.36 .101 4.1 7

b 1.37 .096 3.9b
6 1.3^ .108 3.97
7 1.35 .116 3.97
8 1.39 .14b 3.64
9 1 .46 .12? 3.7b

10 1.52 . 101 3.69
2 11 1.53 .156 3.63

12 1.49 .208 3.56
3 13 1.46 .228 3.6

Table 21
Sheet 2 of 2

M DM vw SM pf KKC VMC SMC VS EC F*H ROOTS OE1 CPU

D 3

1 0.99 .084 4.6/ .211 0.63 0.4b .21
_2 1.11 .093 4.42 .201 0.53 0.46

.187 0.37 0.47

.190 0.35 0.51

.166 0.36 0.51

.216 0.37 0.4b
3.9 ' ,?u3 0.36 0.47

.21b 0.34 0.<«9

.192 0.30 0.44

.lb5 0.28 0.45

.2J4 0.28 0.51

.3u4 0.30 0.61

.3JK 0.31 0.69
14 1.49 .239 3.6C .3^7 0.30 0.71
lb 1.46 .?07 3. bo .304 0.30 0.71
lb 1.^8 .206 3. bo .3u6 0.30 0.69 .52

D 4

1 1.09 .052 5.21 .196.0.54 0.40 .17 0.31 6.45 24.7 0.6 .049
2 1.26 .058 5.03 .188.0.41 0.38 .19 0.29 6.38 11.1 0.6,043
3 1.44 .049 5.16 .176 0.32 0.31 .22 0.35 6. B0 9.4 1.7 .046
4 1.59 .053 5.02 . 1 b9. 0.25 0.32 .16 0.31 7.28 6.8 19.4 .049
b 1.7" .050 4.71 .12b. .0.21 0.30 .14 0.22 7.38 4.5 36.7 .049
6 1.87 .049 4.50 .111 0.16 0.24 .15. 0.20 7.50 3.8 41.5 .0b0
7 l.RB .069 4.01 ,\t\ 0.15 0.2b .21. 0.23 7.38 2.6 fl.3 .055
6 1.87 .083 3.56 .122 0.16 0.25 .18. 0.23 7.65 1.1 14.3 .053
9 1.75 .1)9 3.40 .lb4.0.19 0.3b .30 0.40 7.76 1.4 13.3 .0??

JO 1.66 .143 3.43 .200 0.23 0.40 .33. 0.63 8.12 2.° 9.6 .013
11 1.58 .176 3.3<* .237. 0.25 0.4b .39 1.19 7.80 1.5 8.8 .007
1? 1.65 .183 3.01 .222.0.23 0.43 .37 1.67 7.95 1.4 7.2 .010
T3 1.72 .162 2.44 .167.0.20 0.38 .33. 1.64 7.75 1.0 8.2 .012
14 1.62 .177 2.31 .1/6.0.24 0.40 .33 1.77 7.95 0.8 6.7 .00*
15 1.39 .180 2.31 .leO.0.34 0.4? .29. 1.77 7.98 1.1 6.6 .001
16 1.39 .215 2.22 .2o9 0.34 0.44 .34. 1.85 8.00 0.1 6.9 .00)

.21 0.39 6.16 25.8 0.5 .030

.26 0.30 6.18 16.7 0.6 .0 2S

.31 0.35 6.60 13.0 2.2 .012

.34 0.4? 7.35 6.9 8.4 .00*

.33 0.3? 7.55 1.9 12.1 .00?

.29 0.35 7.60 1.5 15.1 .002

.26 0.37 7.95 1.? 12.2 .002

.32 0. 3 3 8.08 1.9 13.2 .000

.34 0.40 7.68 1.3 17.0 .003

.34 0.45 7.75 0.? 17.4 .000

.35 0.54 6.25 1 .P 19.1 .003

.42 1.09 7.85 1.4 15.9 .001

.43 1 .9? 7.75 0.5 2?. 1 .00

.43 2.06 7.48 0.4 17.0 .000

.47. 1.32 7.28 0.) 16.6 . o o o

.52. 1 .56 7.40 0.3 17.7 .000

5

1 1.16 .106 4.85 .300. 0.49 0.61 .31. 1.85 6.70 56.? 0.5 .006
2 1.46 .091 4.62 .219. 0.31 0.45 .3H. 1.32 7.25 5.8 2.6 .015

1 3 1.60 .094 4.62 .228 0.25 0.46 .38 2.00 7.26 5.4 9.2 .019
4 1.89 .110 4.64 .267 0.15 0.49 .45 2.50 7.28 3.? 3.1 .016
5 1.82 .060 4.bb .188. 0.17 0.37 .32 2.05 7.16 4.1 13.0 .031
6 1.90 .060 4.52 .136. 0.15 0.29 .22 1.25 7.39 2.? 4) .6 .029
7 1.77 .Ob* 4.37 .120. 0.19 0.26 .16. 1.19 7.36 1 .8 41.? .041
6 1.82 .08K 4.34 .161. 0.17 0.37 .29. 1.25 7.39 1.3 15.4 .027
9 1.70 .085 4.12 .156. 0.21 0.3b .26 ).22 7.28 1.5 29.6 .029

10 1.88 .105 3.76 .)b7. 0.15 0.37 .32 1.43 7.42 0.5 27. b .033
11 1.79 .109 3.6b • Ib4. 0.16 0.33 .25 1.10 7.5b 0.4 45.4 .04?

2 12 1.84 .12b 2.3s .126. 0.17 0.29 ,?2. 1.10 7.59 0.3 40.9 .032
13 1.68 .14b 2.17 .139. 0.2? 0.31 .?7 1.3? 7.39 0.3 23.0 .016
14 1.75 .157 3.01 .190. 0.19 0.44 .42 1.45 7.65 0.3 3.2 .021
lb 1.8) .171 3.1? .215 .0.17 0.b6 .36 1.5? 7.6) 0.3 2.7 .017

3 16 1.61 .172 2.28 .170 0.17 0.46 .40 1.39 7.59 0.4 4.3 .013
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PLATE 27

r\ for n-24" Friab)

Si.T,.

,

depth* V ariabl

in »tp 24-4B ' dart

Firm 5 .ri. 4fl -84" f

dart e KV CI. B4-12A

till 1 ke fin"

, dart e

oam W

P.B. - alluvial

Lab. N s. - R26<.-26*>

f?) No. 7 4S0T..220O'N. of Qj)
*!* L "^ Cor. 0-10" very dark 3| 1TW.

©rn

friable Sf.Btf
^Thin A2 horimn in".

.-»^jJ0-2n" hard, prismatic,
3lt heavv L. 20-42" frlabl

P.M. - residual.

S,c1 'tab. Nos. - R296-301.

Depth SAB

20-42" 12

42-56" 12

No. 13 960'C.700'N. nftjj)

SW Cor. 0-10" firm dark L
gray L. 10-18" calcic

Si.C. 18-48" raw

weathered Si.C. , many .

roots, organic lins, firm.

48-120" friable Si.L.

somewhat raw. —
P.H. - residual. .

Lab. Nos. - R327-332.

Depth IS %Si 5SC SAB

18-48" 11

No. 19 1400'N.600'E. of (^
SW Cor. Topsoil sample t

provide mix for hole W20.

Greenhouse sample.

P.M. - residual.

Cl^

FSL.

- oil P.H. - all-iv

12-24" Friable

I,. 24-42" ralca-

FSL. 42-120" loos

uJ*i
0'W.400'S. of

't)fi Cor. 0-10" friable,

irvery dark gravish-brown

I_Si.L. 10-20" hard, pris
B
matic L. 20-42" calcare

jJi.L. 42-60" Lt. Pe.

•Siottled Si.L. 60"+ well

.weathered silt. 84"+ so

Ub 1

42-6*

- R302-3O6.

19

Q) No. 1 0Of>'W.6n0'S. of

o, T\ For. o-12" friable

60-B4" 4.0 73.6 22.4 -

No. 9 SSO'S.SBO'W. of (j5

1~V^\ For. 0-12" firm dart Jjg ^
] i4 grav r. 12-30" firm

"'calcic CI. 30-42" Firm

CI. 42-60" raw weathere

"shale.

I_P.H. - residual.

•tab. Nos. - R307-31O.

Represents pan spot area

20* composition. Hole -*%
110 for nonpan spot area

No. 14 S6O'E.2S0'S.

S L Cor. 0-18" friable

very dark grayish-brow.
I FSL. 18-36" calcareous

friable VFSL. 36-120"

,
friable VFSL * FSL.

P.M. - residual.

Lab. Nos. - R333-337.
0-18" excellent topeoll

18-120"+ good subsoil.

No. IS 15O0'F.2O0'S. of

»V Cor. 0-10" firm, very

.
dart grav Si. CI. Thin

*2 horiion 3 10". 10-20"

prismatic hard C. 20-42"

firm CI. 42-66" stiff C.

66-120" friable Si. CI.

I P.M. - residual.

Lab. Nos. - R338-343.

•(g)
fH3 No. 20 1000'N.6SO'E. of

SW Cor. Greenhouse sample.

Mix it with hole «°.

P.H. - residual.

Raw soil from shale.

Q-,

rtepth %st %c

CU O^

S-i
No. 4 1020'W.8nn'W.

SF For. n-12" dart

t gravish-brnwn friabt

_ <=i.L. 12-10" ralcareous-2^
' SI.L. 30-48" soft Lt.

<=e. mottled Si.L.
r 48-72" grav Si.L. 72-Qf

Lt. Pe. mottled Si.L.

7 P.H. - residual.

[j.h. No=. - R2BO-28S

o. 10 116O'N.4O0'W.

-4#s Cor. o-io" frlabl

very dart gray brown Jyp.

Si.L. 10-20" hard,

prismatic SI.L. 20-48"

© .

plr .L.

ii.

No. 16 lOBO'E^OO'S. k^

of W*, Cor. 0-10" friable

,
very dBrk grayish-brown

CI. 10-20" blocky hard
' SI. CI. 20-42" firm CI.

42-60" firm CI. 60-84"

i
raw salt crystals, very

firm. 84-96" raw, very

fine CI.

(zS No. 5 1420-W.4Bi'N. of (7\ No. 11 360'W.240'N. of (7j\^~U SECor. «-in" verv dark^f—K, S, Cor. 0-18"^) ^—

I

rravl sh-b own Si .L,

n-18 " friable hrnwn

I.T..

I.T.. 10 SO" Lt Fe.

imttl ed SI .!.. 6 0-102

t. re. mr ttled Sf.L.

02-1 20" J f.L. rextduf

salt «.

- all uvial ' resld

Jib. Nor. - B28n -290

SI.L. friable.

Friable platv 5 I . L.<°

oose vrSL.

ilatv Si.L. -^
illiivlun.

- BH6-320
profile. "

Lab. Nos. - R344-344.

Depth 35 351 *C

0-10" 11.8 64.7 23. S

10-20" 14.2 46.7 39.1

60-84" 9.6 45.2 45.

2

No. 17 730'S.15O'E. of

W»i Cor. 0-18" excellent

topsoil. 18-54" good

i subsoil. 54-120" fair

c^

LAND CLASSIFICATION SYMBOL S

LAND CLASS \

SURFACE LAYER _ 2.3
Quollry
Diptl

Topoq'QpMc deficiency
o 9 Informative symboli

\\ GEOLOGIC MATERIAL

^1 H--.-.;* • .*
c

. :r-'.-.-.*,V-*;:

.

—
. s

,

», .:.".„'.-
,

;r.'.-.,

c
,

,

,! 1 v:r:;.v

Y!j 1,. H" Cnr. n.n» rn.Me. W-^l
~^*° L • ' vprv fbirk onvi ih.hrnwn "

m. 26- 84

oft SI.

esldual

L.

si dual.

- R291

^.. few i i 60",

Stiff 84-120".

r#.H. - residual

Lah. Nos. - B321-326

Depth *B SSi *C SAR
6-24" - - - 16

"

_24-4fi" 20
' 3.2 : 9.2

,-12i

No. 18 420-E.200'N. of

SW Cor. 0-18" A+B good

topaoil. 18-120" good

-^i

Divide* toil material

i nformantive symbols
overburden deficiencies

( for plont medio)

Sollflll|

Sodldir
h Cloylvery fine teiture)
v Coot; ivery sondy lexture)

P Reifr.cted perm.ob.nt,
q Avollable molflud ccpocily

d Depth of suitable overburden
1 Stoninen

TOPOGRAPHIC DEFICIENCIES

• oWomlltflVj
•'od '• ,,l

r Mo. siv. lenticular landtton.
and/or Giac-oi eralio

\ " *, ' ">>.___
i

H

JWWIAJ

I

I

)

/

(**
t

U

MAP SYMBOLS

lS\J\) SHELTER 8ELT

SOIL PROFILEICh.

HOMESTEAD

It

JOT

DUNN COUNTY, NORTH OAKOTA
SEC- 3 , T. 144 N.-R.94W

\j HAY INCLUDE SOME 9E0LM1C MATERIAL

XJ (T) 5 FOOT PROFILE

[7] 10 FOOT FFJOFILE OH TO HARD BEDROCK

RESOURCE a POTENTIAL RECLAMATION EVALUATION

MORSE NOSE BUTTE STUDY AREA
DUNN CENTER LIGNITE FIELD

DETAIL LAND CLASSIFICATION

1305-600-100





Ho. 7 1300*N.950'E. of (Jf) No. 13 6O0'S.4D'E. of
fff\

No. 19 1000N.4S(TE. of
f^j)

S^ Cor. Platy 0-3".
^~-f

I _ n!j Cor. o-lB" friable,^! 1 W^ Cor. 0-18" very darir—'
Prismatic 3*22'

Massive 22-66".

J'
J. P.H. - old alluvium.

S.LL* Lab. Nos. - R210-214.

^.~
_ti Ttepth US 95i %C SAR

«*-in 28.n 40. 7 31.3 -^
22-42 11.1 49.6 39.3 9.'

42-54 ... 12.(

S4-66 24. S 33.6 41.9 - qm

^

heavy, fi

18-36" H
he.ivy loam. 36-84"

friable Si.L. 84-120

loose VFSL. Faint Fe

mottling.

P.M. - alluvium.

Lab. Nos. - R242-246.

1B-36" high inline.

ndy loanv.-^ , -fsft Cray friable. 18-36'

dark brown, friable, jj^
? heavy S.L. 36-60"

calcareous firm glacial

„ -J-^
till. 60-84" firm L.

Thin F.S. Ions 84-86".

86-120" firm, oxidized 4U
till.

P.M. - glacial till.

Lab. Nob. - 368-372. -flff

>0'S.800'W. /yjNo. 23 1450'

^ dark grayish-fc

Friable VFSL. 18-30"

very friable, hrown FSL.
30-48" moderately calca-

reous friable L. 48-84"

friable S.L. 84"+ firm

Si. CI. from slltv shale.

P.H. - alluvium/residual.

Lab. Nos. - R378-382.

8SO'E.380'N. of

'^rw s!i Cor. Profile well
j

ed for reconstruction/?

U^ P.M. - residual

(jj) No. 14 1470*S.100*E. (zq) No. 20 1250'S.12S0'E,
(fy

120 +
I c-93

of N^ Cor
*

0_18 " dsr* ^ I

of HW" Cor
- BorinK kjU

. Noa. - R21S-220.
am

friable S.L. 18

96" friable brown S.L.

36-60" Co. S.L. 60-84"

loose brown S.L. B4-110"

_~1*J firm till, high in coal

nd pehbles.

29 P.H. - alluvial till.

located at crest of MU.'
Sandstone ranges from

eurface In areas to 29"
,

in depth.

P.H. - residual.

24 18S0'E.75O'N.

oTf Lui of V\ Cor. 0-18" friabfi

Sf " d <>rk brow,
®tti

loose brown L.S. 42-84"

loose L.S. 84-96" firm

glacial till L. 96.120"

loose L.S. with L. Ions.

—|_i*i P.M. - alluvium.

Lab. Nos. - R3B3-387.

Scattered stones in area.

No. 3 1600'r.SO'S. of /C\
Wk For W
;v ._ Mlf

42-66" SI. 7 2S.

• 54t"R •..,!». .trucMre Jn".. Jul

*#tiij**' P - M - " ""»vl„..

^;
O'N.S30'E. of jO\ No. IS lonn'w. 500

„, E'3 Cor. o-7" dark

K^p"* verv friable, Lt. I% 7-120" gray noncalca

loose LVFS.

P.M. - alluvium.

Lab. Nos. - R2S2-2S5

U£i

"°®L—Rrny>->
)

No. 21 130O'N.127O'F

of W^ Cor. Leeward s

slope. 0-15" very friable'

lt. FSL. 15-60" vei

friable FSL. 60-84'

lt. loose FSL.

Represents narrow ai

on side slope.

. 25 950'F.SSO-N. of
/"J

V\ Cor. 0-10" very *£i
dark grayish-brown

2% friable FSL. 10-30"

dark brown friable S.L.

-2J4 30-48" loose brown L.S.
18-120" firm till L. ,

•xidiied.

ill P.H. - alluvial/glacial

- R388-392.

*V

i. in 1150'W.IOPO'S. *~\ No. 16 8O0'W.7OO'N. of^>
WE Cor. 0-15" very \& ,

T\ Cor. 0-12" dark C^5
irk grayish-brown fri- -*ff

ml. 15

Frl a

84" Fe mottled friable

^wk.Tm Si - L - "4-120" very friab.

us VFSL.

S.L J tab. Nos. - R22S-230.

Verv friable profile.

brown S.L. friable, 15- -IB.
SI

friabl e S.L 24-36"
""*

(

friabl

loose

e FSL

LFS.

36-120"
JUJ.

P.M. - allu vial.
_LLab. NOS. - R2S6-260.

Depth *S SSi %C
-#

fl-12" 2 12.9 9.9
/

(£) No. 5 1800-N.100-E. offjT
)

No. 11 650'S.60O'W. of (yft No. 17

*g Si I^IS ?
'l

r°r - Verv liable isj L NT Cor. 0-12" very darkM "THo^, E 1

, Cor.

^ SL °S " ' Lo°ae "^
JJtt ^L Bravlsh-brown friable ^ —~ sandy

.-^ '*
-ingle-grained 22-66

.'..:

JiU P.H. - alluvium.

Lab. No*. - B2O0-203

Si
nenth 5S -^i «
10.22" 76.0 14.4 9.(

^ KlHvi Bh-b,

_ " VFSL. 12-26" hard

l^nrismatic L. 26-36" _^

"
**

'^ 36-102" very friable VFSL.

No. 6 16O0'W.6nn'«:. nf
(

f\ for. filarial till

over alMvIiDn fl 60".

Tl nther profiles it; are

Jfr are ,tonv in -pots.

P.M. - glacial till 'all.ivi

Tj.b. Nns. - R204-200,

nenth is «i a: sar
24-36 27. n 42.2 30.

36-60 ...

14OO'W.40'N. of

Friable heavy

with depth. 10-

25% gravel. Firm, oxidized

glacial till 54-120"+.

Thin sand Ions & 84".

P.M. - alluvium/till,

ojj. Lab. Nos. - R261-265.

No. 22 1100'W.350'S. --

of N^ Cor. 0-12" fri- (j fe)

^ able very dark gray broi^'^

. tf
heavy S.L. 12-30" ealc.

" reous, friable lt. loam
30-60" friable L. 60-

120" friable L. , lt. Fe

mottling.

P.H. - glacial till.

0iQ
Lab. Nos. - R373-377.

il Friable glacial till pn
file. Hany glacial

boulders scattered on
. QA1 crest of hill.

LAND CLASSIFICATION SYMBOL S

LAN0 CLASS

No. 28 700'E.4OO'N.

SW Cor. Pan spot ari

sampled for i

No. 29 700'E.200'N. of

SW Cor. Class one soil

area used for greenhouse

mix with broing MB.
P.M. - residual.

SURFACE LAYER
OuolJty
Dtpth

No. 12 700'E.2OO-s.

u. N^ Cor. 0-12" friabl

,£ very ->.*„„,,>>-.,«- -°

).L.^< Si.L. 12-24" slig

'fu hard Si.L. 24-60"

*ous Si.L. 60-120" _lfi
' friable VFSL.

" P.H. - alluvium.

J4
Lab. Nos. - R236-241.~ Faint Fe mottling 84- jj~

No. 18 70O'S.4OO'E. of

NW Cor. 0-18" very dark

^^ grayish-brown S.L. 18-30

L.S. 18-48" loose

-^9j It. hrown S»L. 48-72"

, 0-M calcareous friable S.L.
*" 72-84" friable S.L.

84-120" somewhat raw

hea<

lonf medio deficiency

Topogrophlc deficiency

'ormolivciymboli

GEOLOGIC MATERIAL
Quality
0«plh

I NFQRMANTIVE SYMBOL S

OVERBURDEN DEFICIENCIES
( for plon! medio)

Salinity

Sod It I ty

h Cloylveryflne texture)
y CooieNery jondy leifurel

P Rcitnctcd permeobillty

H©«

(Olitirtii Samplial
-—24 »flllo« Vslsais

LE STUIOL8

Oep 1 jilobic <

i Stoninei

TOPOGRAPHIC DEFICIENCIES

9 5LV*JJi!£l^rP.9. 9'od'ent

( By \

[WV\AAJ

PLATE 28

I

)

'0

t= \ ®%mnr^
N 5285

V t/@ j
I

l|0 " 5 ">^ \ 2., | V / T77TI?
/

MAP SYMBOLS

LTLTU SHELTER BELT

« SOIL PROFILEIChtckl

:.Hj HOMESTEAD

^V*

T

2io5 io6ao

DUNN COUNTY, NORTH DAKOTA
SEC. 10, T 144 N - R 94 W

NOTE

\j MAY INCLU0E SOME GEOLOGIC MATERIAL

_2/ (V) 5 FOOT PROFILE

[7] 10 FOOT PROFILE OR TO HARD BEDROCK

RESOURCE 8 POTENTIAL RECLAMATION EVALUATION

HOftS£ NOSE BUTTE STUDY AREA
DUNN CENTER LIGNITE FIELD

DETAIL LAND CLASSIFICATION

' 9^| 1305-600-101





PLATE Z%

No. 1 OSdT.SO'K. o

SH Tor. o-IO" verv

Oji ft»rk elvish-brown"
l loam, 10-24" hmw
fH»Me lo«m , excell>

' For tonsotl. 24-48"

firm l. 4R-72" loom
• !=.L. 75-l3n» firm 1

L.

P.M. - glacial till.

L-b. Nos. - R421-42S

;
Owl ra 120".

(J) No. 7 2300'V.4no'S. of f~)
Jtk , \SllL r\ Cor. 0-8" good top-^-"!

^
1-24" f«ii

topsoll, Rood fill.

!4-12n" unsuitable raaterli

i P.M. - residual.

Lab. Nos. - R648-6S2.

Pen spots In area.

"„

No. 8 leOO'N.ftSO'L".

in*i S^ Cor, 0-8" good top-

II
soli B-24" we the red

'* silt) shale, ox dlxed.

24-9 " friable *hen moist

-Hi hard verv hard dry silty

P.H. - residual
" Lab. Htm. - R6S. -6S7.

MIT*-. Ill"'; """"T

°n

Hi

r.x. - rxi*,.l.

fj Lab. No*. - R632-636.
2(1-16" ereenhonne sample

No. 4 eSO'N.lSO'W. of y~\

?F Cor. 0.18" excellent
,

*45 Fll

afl"L Lab. Nos. - R6V-M0.

J)
broy

oil. in -lo" reddt

Good fill

«h

ss in".

P.H
scoria.

Lab. Nos. - 1641-643.

r

Q-^

No. ft 14nn*N.H<

*ft topso

*% -oil.

. -^ .P.M. - residua
Lab. Nos. - R6

«,;*°0-,

u

cu o_ Q-,

Q_ CU

Q-,

O^

SOIL PROFILE NOTES
LAND CLASSIFICATION SYMBOL S

LAND CLASS -

^311/— Topofl'ophk deficient,

GEOLOGIC MATERIAL
Quality
Depth

SURFACE LAYER
Ouotl
Oepii

cu

mo-

3i
no

6«
ha

Sur»«y Boundary—^, yflf ^\.3056

1 ».^5 ^ FT*.*
%
i J**+\\

I

V
_/ \'lO Z 70 • I

]
«'

I-'' ^__^~-v '20240* /
,-^-» . J /

l. \ c tv*-
a>r

| \ . \ IIOS^IO /

1

1

r/
1 10 ^0 260 [T)

<^W

NFORMANTl VE SYMBOL S

ERBUROEN DEFICIENCIES

TOPOGRAPHIC DEFICIENCIES

g Slow
I
i including gradient

ond eomplenly )

NOTE

\j MAY INCLUDE SOME GE0L08IC MATERIAL

Z/ (ij 3 FOOT PROFILE

[T] 10 FOOT PROFILE 0* TO HARD BEDROCK

MAP SYMBOLS

l_/~LTU SHELTER BELT

« SOIL PROFlLEiCMCk)

! H • HOMESTEAD

X
DUNN COUNTY . NORTH DAKOTA

SEC II , T. M4M.-R.94W.
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PLATE 30

Ho. 13 1°00'E.600'H.

of WL Cor. 0-24"

friable L. suitable

topaoil, 24" Aj horii
24-36" B2t hard,
36-90" Firm clay,

suitable for fill.

P.M. - alluvium.

Lab. No*. - R524-S28.

•ee 6-12" depth,

erage 12".

No. 19 ISOO'N.900'1

of S^ Cor. 0-20"

excellent topsoil,

),0fj , ,1^ 20-30" fair fill ma1

No. 2S 1050'E.4SO'S. 'o. 29 B0u'S.65O'l

r ial, 30-' aodlc

No. 14 2O00'S.3O'W.

of HL Cor. 0-8" good

quality topaoil,
8-20" B2t horizon hard,
20-42" hard olive gray

calcareous CI., 42-54"

hard C. , S4-108" sticky

plastic very dark gray

Lab. Noa. - R529-S34.

Water table 54".

Mixed entire profile

suited for topsoil.

P.H. - residual.

Lab. New. - RS50-S55

Residual beds at 30"

No. 20 1150 f N.6SO'E.

ffiCL

.—

.

no. to ivou c.mu a. no. it duu 3. ooi' w.

(P9 ,
of *^ Cor- 0-20" good Qj ) of HE Cor. 0-34" good

*ff Cl q 't>to fair topsoil, topsoil n+B. heavier
Jl?l|T^fl-V120-84" good fill, nf fia with depth, 24-90"

84-120" fair glacial -!=-
R till fill. P.H. - ^fr c'l

alluvium over till. Alt L
^Lab. Hon. - R583-588. " ~
Some surface soil dia- -^7 -

»i»| * J_*s_persion in area, very L
weak clay pan in -S-Jj '

moderately fine soils. -^=-

good fill material,

90-108" buried top-

soil. 108-120" loose

loamy sand 10* gravel.

P.M. - recent alluvium.

Ub. Noa. - R607-612.

of ! Thin and-

Ho. 15 14O0'S.2S-W. 1

H|j Cor. 0-30" very

friable SI. suitable

for topsoil 30-120"

glacial till loam

suitable for fill.

P.M. - glacial till.

Lab. Nos. - RS3S-S39.

No. 16 3S0'S.S0'W, of ,-N

N^ Cor. 0-10" good (2£
topsoil, 10-30" fair

to poor topsoil good

fill, 30-48" good fill

48-120" fair to poor

fill. P.H. - alluvium,

Lab. Nos. - RS40-S44.

;s tone lens at 30",

; 84-120" few gypsum

r crystals, 0-6" fair

topsoil. 6-30" poor

,-fill, 30-120" raw

soil from shale.

P.H. - residual.

-Lab. Nos. - RSS6-S61.

Clay pan throughout

No. 21 1950'W.ISO'S.

0H of Z\ Cor. 0-18" good
L

. TtV topsoil material,

18-36" good fill

is terlal, 36"*

.*-* Ho. 26 lBOO'S.BSO'E.
/
~
N

^Q . of N^ Cor. 0-18"
(JTJI ,

^

4"i.
illent topsoil

18-120" firm glacial -
«j

[~~

.till oxidixed.
1
P.H. - glacial till.

5 Lab. Nos. - RSI9-599.

Ho. 30 750'S.SOn'W

of E\ Cor. 0-12"

^S_L_-^i excellent topsoil,
12-24" heavy B2t

Horiion, 24-34" C.Ca.

Horiion, 34-120" firm

raw residual material

oxidised to 96".

P.H. - residual.

Lab. Noa. - R613-619.

Clav pan 6" S0% of

a rea 13 6-18" depth.

P.H, - scoria.

Lab. Nos. - RS62-S6S.

No. 27 1050'W.700'N.

1 orf
of Ej, Cor. 0-18"

~~P A*B2t Horizon auitable
T3 fnr rnninll . lA-.lfl"

SK
4^30-60" saline. 60-84" ^% £ - -^7 residual beds. Mildly

oxfdiied. P.M. -

suitable for fill.

P.M. - alluvium.

Lab. Nos. - R594-600.

No. 31 BSO'N.300'W,

of SE Cor. 0-20"
-^7*7 excellent topsoil,

20-24" heavy B2t r

24-120" raw heavy

No. 22 1400'W.SOO'S.

of EL Cor. 0-20" good

to excellent topsoil

* <A*B Horizon) 20-36"

u fair topsoil Bj Horizoi
* 36-54" good fill,

U 54-96" fair to poor
* fill, 96"* residual.

P.H. - alluvium.

iiLab. Nos. - RS66-571.

_^ No. 28 400' H. 200 'W.

(2§/ ,_, of ^ Cor. 0-18"

excellent topsoil,

it 8-24" fair to poor

'topaoil Bot, 24-120'
r»good fill material.

P.H. - alluvion.

^Lab. Hoe. - R601-60<

_2*

fc
-»« :

No. 32 6SO'W.220'H.

of SE Cor. 0-8" good

,-
aj

fi quality topsoil, 8-13"

firm B2t Horizon,
13-48" suitable fill

material. 48-66"

oxidized residual

beds, 66-120" unoxldized

residual material.

P.M. - alluvium nver-

residual. Lab. Nob. -

R62S-631. (3 50*J clay

j. pan in area
** located in 1 cla

•SSO'S. ofNo. 17

Hl Cor. 0-60" excelle

friable very dark gray

topsoil, 60-78" good

fill material, 78-120" jp
stiff clay. P.H. -

-fiJt alluvium. Lob. Nos.

RS4S-549.

§b

Ho. 18 2200'H.2S0'E.

of 5\ Cor. 0-8" frteba/gj)
L. good topsoil, 6-72'V-%f p
baked rock. P.M. -

residual. Lab. Hoe. -

No. 23 670'E.270'N.

of $% Cor. 0-8"

"excellent topsoil,

• 8-18" weakly developed

.clay pan may be mixed

'with topsoil, 18-120"

_Bultable for fill.
r
P.H. - glacial till.

18-42" suitable for

topsoil, (.Bin. 1 42-90"

J fair quality fill.

P.M. - alluvium/

. residual. Lab. Hos. -
3
RS78-S82.

\UU\AA %

r

*»

X a
2 1.0 •«>

' 6

ED\
B

\

a \

1

s

\ 2io6
'

E>~.

©

LAND CLASSIFICATION SYMBOLS

>—
' /-" .J

l2<>2«0

^

LAND CLASS- Pioflt medio dtflcltrtcy

-Topographic deficiency

eiymboli
3f\
\\ 0ECH.0GIC HAV Qualify

> Death

SOIL PROFILE NOTES
PHO^PLI HEPRESCNTt B' 0BPTNQ 101L „o^.L« HUHtn

• O.h 8.II-C.CI, •......).,
.AS NH'Ssllt C.ss.er.;.., U/a,.

Olvldat toll molenol

I NFORMANTIVE SYMBOLS
OVERBURDEN DEFICIENCIES

( for plant medio)

Salinity

Sod icily

h Cloylvtryfine Itlturc)
. Coafutvcry iondy leifura

P Reitricrcd permeability
q Available moisture capacity
d Depth of suitable overburden
B S' on in (> j

TOPO0RAPHIC DEFICIENCIES
g Slope! Including, gradient

onj compieilt/l*
r Massive lentlculor •anditani

and/or Glacial erotic.

MAP SYMBOLS

LTLOJ SHcLTER BELT

• SOIL PROFILEICrn-cli)

! H i HOMESTEAD

NOTE
\j MAY INCLUDE SOME GEOLOSIC MATERIAL

_£/ Q&) 5 FOOT PROFILE

[T] 10 FOOT PROFILE OR TO HARD BEDROCK

DUNN COUNTY , NORTH DAKOTA
SEC. 12 , T 144 N.-R.94 W.
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DETAIL LAND CLASSIFICATION

1305-600-103





&7-U ' Tor. Contai

*fl 24". 10-42"

®h^

_S£k

a *
"

Alt

*1 pebbled and

Nob. R10S-108.

No. 7 600' E. SO' . of ,,<

NW Cor. Sl\ Profile i
well suited for B*
reconstruct

P.M - allu lite.

Lab. Noa. - R13S 139. JUL

^ No. 2 950 'I

of SE Cor. -1*"

topeoll.

oji. aubaofl materiel.

P.H. - residual with

glacial overide.

Lab. Noa. - R109-112.

"-;,

**

No. 8 1300'W.330'S. of

EL Cor. Sandy lean

lens 36-38". Profile

not aulted for

^j reclamation. i¥
_

P.H. - alluvium.

Lab. Noa. - R140-144

No. 13 330'E.260'N. off/J
JJL, SW Cor. Residual 60'

sandier soils in arei

P.H. - alluvium/reslduala*.

Lab. Noa. - R170-173

19 HSO'S.IOSO'E,

„.. of N|, Cor. 0-18" frlabl

"dark grayish-brown L.

18-36" dark hrown friable

FSL. 36-120" firm Si.C.

,

weathered silty shale.

"^P.M. - alluvial/residual.

Lab. Noa. - R414-41B
84-120" sample slightly

contaminated with surface

soils.

,Q

£U No. 14

tis- ^5
1

W.440

S^ Cor. 0-18" sat'.„-

factory topsoil material?"
7?"* weathered ailt- -^

. P.H. - alluvial /residue

No. 20 S20'W.330'S.

tt NE Cor. 0-12" friabl.

"very dark grayish-bit

fal2-30" firm till lik.

30"+ coal.

P.H. - residual.

Lab. Noa. - R419-420,

fQ-,

Skn

L
- Hip

t\ Cor. Sh No. 15 980'W.S20'N

EL Cor. 0-15" dark

brown friable SI.

,

1S-30" Brown very

frlahle SI. , 30-48"

brown friable L.

,

48-90" Si. CI. from

weathered silty aha:

P.H. - alluvli

Lab. Noa. - R393-397

idui

"Q-,4o. 21 1050'N.BOO

AftSE Cor. 0-10" excellent

topsoil. 10-24" auitable

fill. 24-42" auitable fill
42-60" weathered eiltatone.

P.H. - residual.

jU_Lab Nos. - R672-675.

&^ 1680'N.720'E. of UQ
fi^L S\ Cor. Oenee materli

30"+. 0-12" auitable

for topaoil, 12-30"

heavy CI. Batter for

aubMterlal.
P.H. - flaciel till.

Lab. Noa. - R119-12S.

i. 10 UO't. ISO'S, of (|k

n P.H. - alluvius.

-h

Ub. No*. R1S0-1SS.

No. 680

No. S 41O'N.60'W. of

fi*£ Sf Cor. friable good

permeable material.

P.H. - alluvliu.

i Lab. Hoe. - 124-130.

."*

®^ S^ Cor.

topsoil

50'N.2SO'E. of
0-18" excel 1<

18-60" euit-

aubaurface

No. 11 1290'E.220'S

WL Cor. Clay pan ar
on aide slopes.

P.H. - glacial till.

Lab. Noa. -Rl 56-162. *&

«2b

. SW Cor. V
' dark gray 1 eh

I
friable, heavy L. 8-36"

'dark brown, heavy friabl

^L. 36"+ well weathered oy
*pe- nHi.il e< m i

17 SOO'N.SOO'E. of

^,SW Cor.L. 0-10" friable,

at4 verv dark brown L. 10-20"

^''dark bro>-n S.L. 20-48"

» friable PSX. 48-84" reworked

5, -^l residual, Sl.L. friable.

84-120" silty shale with fine

0tt
aand ft pebblea.

4mP.H. - alluvial/reaidual.

Lab. Noa. - D403-408.

Up*,
,
No. 9SO'N.800'E. of

0-10" friable a.
_10-14" coal. 14-26" fir*. (

7*26-60" raw soil frost ellty

a hale.

Q-,

C^

Q-^

LAND CLASSIFICATION SYMBOLS

SURFACE LATER
Owofll,

Mo. 12 1!50'N.900'W.

SR, of S\ Cor. 0-38" good
- ""fa topaoil. 66"+ fiJM

residual.
** P.H. - alluvia/ *$'

idual.

Lab. Nos. - R163-169.
.It.

r

fir-!

Pleat media «tflclaacy
• Tssajs/gajilc Offclancr
' • 9 isnMmatlvatvmfcsia

V\ OEOLOQJC MATERIAL
V 0»a*llty

>1— Dea4a

E©
SOIL PROFILE NOTES
PMPILI BlftftltEftTl 1' HPTH

OS. MO'HI -UNBEM

..« HrlfaaHs c...

14 liiniit «•!*•

fltOflLt ithioli

PLATE 31

s
, r t- »». »a.«!«.o

\ W 'lOH.S*
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s / -J
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1 1 \'20 l
I.OZ TO v x
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'
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n
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"- // "

Y

©
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I

1

l__#^ Li L

si.
>.*«*

No. 18 800'E.SSO'S. of

N*i Cor. 0-24" very dark
flJt grayiah-brown friable L.

24-36" dark brown L.

36-42" friable CI. 42-84"

loose L.S. 84-120" firm G
llltr

Lab. - R409-413

I NFORMANTIVE SYMBOLS
OVERBURDEN DEFICIENCIES

( for plont mtwio)

Itlvery sondy t«ltur«l

P Rtatrklad ptrstMkilllf
4 Avsllaklfl suit tars capocil,
* Depth of wltskM evarewrdan

Slsnlneia

TOPOGRAPHIC DEFICIENCIES

MAP SYMBOLS

LTLPU SHELTER BELT

• SOIL PROFILE(Ch<

HOMESTEADn

jr

T

DUNN COUNTY, NORTH DAKOTA
SEp. 14, T. 144 N- R 94 W

NOTE

MAY MCLUOI aOMC «COLO«C MATERIAL

'©
|T) 10 FOOT •HOFILE Oil TO HAItO K0K0C. c.lc or

BvmCAU or *cclam*tion
riCSOutCF « FT3TENTIAL RECLAMATION EVALUATION

HORSE NOSE BUTTE STUDY AR£A
DUNN CENTER LIGNITE FIELD

DETAIL LAND CLASSIFICATION

_ X€CO*IM£N0£D_

""" ""»| I305-6QO-I04





PLATE 32

CT) No. 1 6Sn»E.75'S. .of (7
)

No. 7 020'W.7f)'5. of
(J3

No. 13 2040'W,S40*N. ofO
)k £*&. NW for. Excellent top- 3(1 JJ— NF Cor. Represents old otf ,, St\ Cor. Profile sultabV'

on OM soil 0-22". Good sub- -^ fl/-"*! alluvial flat clays

ik-\, have good structure ft o.^,

FSf
** for topsoil material. -

'* surface fill 22-84". ^ ... o.j P.M. - alluvium.
11

T". are permeable. 0-10" Lab. Nos. - R98-102

„„ oepth W: S5i »: -°A »«_ excellent topsoil **
1

pAJJ "

" V/ n-15" 55.9 so.i M.

n

material. 10-24" fair

JUL
wsy. 15-22" 5H.4 26.6 15.0_fc_

t> 22-36" 56.1 30.7 13.2

to to poor. 24-120" un- -^ **.
ypsi

" suitable. St

JUL _
&f- 36-60" S2.3 37.0 10.7 ::-.- P.M. - alluvial.

60-72" S7.4 32.2 10. 4*^- -^L Lab. Nob. -R61-68. -&& -g-3

—r- '<%- -r— 72-84" 60.8 28.1 U.l JSi£i. .

P.M. - residual. -** „ Oepth 33 S51 %C SAR
•• 0-10" 15.8 60.6 23.6 1.7

_Lt •

10-18" 12.4 50.9 37.0 3.9

g
" No. 2 12Sn'E.75'S. of So"

18-24" 12.2 52. S 3S.3 -_^

at,,"-""
- - - °-4^ No. 14 1S20'S.700'E.

(~~*

of N|( Cor. See Morton
u±l B-12" nf voclaimahle A*

a?' No. 8 650'N.330*W. of

*• Z\ Cor. Topsoil good

-

jut * Tu lower nuali^ topsoil. -^*
.

iiii -^7 0-12". Good substratum

to 42". 42"+ CaS04
.-

/FSl

S.c- 80 crv-stals. Raw 6oIl from

iat, ?/ nenth sar
P.M. - residual.

Sa lab. Nob. - R69-73.
.

Depth SAB .

24-42" 21
.

s1_ No, 1 975'E.620'S. of (^
[/.j WW Cor. Entire soil fix*

No. 9 oSG'E.ilO'S. of rjc 1

31L N'a Cor. 0-1 S" good top-^~

'

No. 15 110O'N.6SO'E. /^>

of W^ Cor. See Son V_>

-2lk " nrofilp suitable for *» **t, soil material. 1S-120" Master site.

..c

-^ topsoil. -C*
Sit-

^t_ fair for fill.

P.M. - alluvium. ^^ f, P.M. - residual.
" Lab. Nos. - R74-80.

JL^ 4^ *"
„

-

KSfc

JU£

**L
MB

JU1
*- 96-120" 2.2

-_

"H
*f

j^
l l

'"1 ST
No. in 1060'S.270'E. of>7>

,4 NW Cor. o_28" fair top-V3
No. 16 1720'E.SOO'N. s-^

of Wi, Cor. 0-15" good \_
j« _V Pf/ poll to 2"". m-terial jy, jj* soil material. 28-42" 2$ _.

;

jiM. topsoil. 15-30" firm
' CI. subsoil. 42-66"

4*

"ft .„b.„rf,r. nil LSi-lf
£ii Foots on structure faces- **

qJ'
20-42".

' P.N. - residual. ™

jJ St.

~" 42-84" acceptable for "="

-^4* surface, good subsurfaces—

^ ^"/residual. *£

,Cl' "TB bedded silty shale.

__ P.M. - residual.

Lab. Nob. - R679-681.

«• *— A£ lab. Nos. - R41-48. v'<-'^ lab. Nos. - R81-86. STft
—

S.L- am ' "
- -

jut
st:^ Y£Si '* Depth SAR

0-6" 3.1

£S±
"

. .

—

J

No. 11 MO'f.lOO'N. of(/7
V\ Cot. Raw soil from

shale 12"+. CaSO^ lem
40-54".

"^i P.M. - residual.

Lab. Nos. - R87-91.

<2)-i
No. 17 650*S.S0'W. of

Nij Cor. 0-15" A*B horiioi

suitable for topsoil.

QM 15-42" suitable for fill.
" 42-66" weathered silt-

P.M. - residual.

Q C^

cu

0_

cu

m

[J 7>^-,K\ i

H
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a
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© v
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i |
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/
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0/ a^-

© i h
,' *„ iio z ao /

2s ^ © \

los 2 .;

Survey Boundary -

SOIL PROFILE NOTES
LAND CLASSIFICATION SYMBOLS

No. 12 9S0'E.130'N. of/
V\ Cor. ^

P.M. - residual.
.JUL Lab. Nos. - R92-97.

Depth SAR

R682-684. LAN0 CLASS \ / Plonl mtdfo deflcieocy

^3jt- Topogropnic daficisncy

SURFACE LArER 0.3,
Dtpth //

_G3r\
\\ GEOLOGIC MATERIAL

SECOND LAYER 1'//
Ouolity //
Otpth '

> Depth

Oivids* toil molcriol

INF0RMANTIVE SYMBOLS

a©»

d Depth of luitoblt overburden
1 Slonlncti

TOPO0RAPHIC OEFICfENCIES

g Slope! including. vrodlin1

MAP SYMBOLS

(J^LTU SHELTER BELT

• SOIL PROFILEICh

: H HOMESTEAD

X

X

DUNN COUNTY, NORTH 0AKOTA
SEC. 15 , T. I44N.-R 94W

NOTE

\_j MAY INCLUDE SOME QE0LO4K MATERIAL

U CM 3 FOOT PROFILE

[*7~] 10 FOOT PROFILE OR TO HARD BEDROCK

»ESOUf?CcT A POTENTIAL RECLAMATION EVALUATION

HORSE NOSE BUTTE STUDY AREA
DUNN CENTER LIGNITE FIELD

DETAIL LAND CLASSIFICATION

1305-600-105
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Table 34

Sheet 1 of 15

Table 34 Suitability of Bedrock Material for Use as Plant Media for
Revegetation - Horse Nose Butte Area, Montana

Core No.

101-1

101-2

101-3
101-

101-

101-4

101-5

101-6

101-7
101-8

101-9

Depth Suitability
Feet Type Classification

0-5 Soil Suitable
5-10.0 Sh )

10.0-13.4 Lignite)

13.4-15.0 Sish ) Unsuitable
15.0-31.7 Ss Limited Suitability
31.7-33.1 Sh Unsuitable
33.1-41.1 Coal Unsuitable
41.1-70.2 SiSt

Ss

Sh

Unsuitable

70.2-70.9 Coal Unsuitable
70.9-82.7 SiSt

Css

Unsuitable

82.7-85.4 SiSh Unsuitable

85.4-87.3 Coal Unsuitable
87.3-146.2 SiSt

Ss

Sh

Unsuitable

146.2-176.8 Sh
Coal

Unsuitable

176.8-193.6 Sh Unsuitable
193.6-202.5 SiSs Unsuitable
202.5-212.1 SiSh Unsuitable
212.1-215.5 Coal Unsuitable
215.5-218.6 SiSh Unsuitable

Deficiency

Clay- instability
Acidity
Clay- instability

Sodium-instability

Clay- instability

Instability- clay
layers

Sodium -instability

Clay- instability
Clay- instability
Sodium -instability

Sodic -instability

Sh - shale
CbSh - carbonaceous shale
Ss - sandstone
SiSt - Siltstone
Cec - Cation exchange capacity
SiSh - silty shale
Sst - sandy siltstone

SiSs - silty sandstone
Css - clayey sandstone
C Sist - clayey siltstone
S Sist - sandy siltstone
/ - with
BR - baked rock
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Core No,

102-1

102-2

102-3

102-4
102-5
102-6

102-7
102-8

102-9

102-10

Depth Suitability
Feet Type Classification

0-5.2 Soil Suitable
5.2-25.0 Ss Suitable
25.0-27.6 Coal Unsuitable
27.6-30.3 Sh

SiSt
Unsuitable

30.3-44.8 Ss Limited suitability
44.8-53.7 Coal Unsuitable
53.7-69.6 Limited suitability
69.6-85.6 Limited suitability
85.6-101.3 S Sist

Ss

Suitable

101.3-104.9 Coal Unsuitable
104.9-137.4 Sh Unsuitable
137.4-161.6 SiSs

S Sist
SiSh

Unsuitable

161.6-178.2 Coal
CbSh

Unsuitable

178.2-201.7 Unsuitable
201.7-208.7 Unsuitable

Deficiency

Instability- clay

Acidity- instability

Thin clay layers
Sodium -instability
Low Cec

Sodium -instability
Sodium- instability

Clay - sodium
Cementation -sodium
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Core No.

103-1

103-2

103-3
103-4

103-5

103-6

103-7

103-8

103-9

103-10

103-11

Depth Suitability
Feet Type Classification

0-5.0 Soil Suitable
5.0-21.7 Ss Suitable
21.7-25.0 SiSh

Coal
CbSh

Suitable

25.0-47.7 Ss Suitable
47.7-55.4 SiSh Limited suitabili;
55.4-65.2 Coal Unsuitable
65.2-75.9 SiSh

SiSs
Unsuitable

75.9-87.0 SiSs Unsuitable

87.0-106.4 SiSh Unsuitable

SiSt Unsuitable

106.4-108.2 Coal Unsuitable
108.2-123.7 SiSh

SiSt

Unsuitable

123.7-150.4 Ss Unsuitable
150.4-154.7 Coal Unsuitable
154.7-169.6 Sh Unsuitable

169.6-185.1 Coal Unsuitable
185.1-202.8 Sh

SiSt
Unsuitable

Deficiency

Low Cec

Acidity
Clay

Sodium-clay layers

Sodium-instability-
clay
Clay- sodium instab-
ility
Clay- sodium- instab-
ility

Clay layers-
Sodium -instability

Instability- sodium

Clay-instability -

sodium

CbSh-clay sodium
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Core ! No.

104-

104-

1
•2

104-•3

104-4

104-5

104-6

104-7

104-8

Depth Suitab ility
Feet Type Classification Deficiency

0-16.5 Soil Suitable
16.5-31. 1 Soil Limited Sui tability Perm-clay
31.1-35.5 Boulder Unsuitable Hard limestone
35.5-36.8 Boulder Unsuitable Hard granite
36.8-46.5 Soil Suitable Gravel
46.5-50.0 Coal Unsuitable
50.0-80.8 SiSh

C Sist

Unsuitable Clay- sodium
Instability

80.8-99.4 Coal Unsuitable
99.4-114.0 SiSh Unsuitable Clay- sodium

Instability
114.0-118.4 SiSs

S Sist
Unsuitable Sodium -ins tability

118.4-123.5 SiSh Unsuitable Sodium-instability
123.5-133.5 Ss Unsuitable Sodium-instability
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Core No,

105-1
105-2

105-3

105-4

105-5

105-6

Depth Suitability
Feet Type Classification

0-12.4 Soil Suitable
12.4-31.8 Soil Suitable
31.8-33.8 SiSs Suitable
33.8-54.9 C Sist

SiSh
Suitable

54.9-56.8 Coal Unsuitable
56.8-70.1 Sh

SiSs
C Sist

Limited Suitability

70. 1-76.5 Coal Unsuitable
76.5-77.3 CbSh Unsuitable
77.3-80.9 Sh Unsuitable

80.9-102.5 Coal Unsuitable
102.5-103.5 SiSt Unsuitable
103.5-133.6 Sh/Coal Unsuitable

Deficiency

Clay- sodium

Clay-perm
Clay- instability-
sodium

Carbonaceous-perm
Clay-indurated-
sodium
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Depth Suitability
Core No. Feet Type Classification Deficiency

0-2.0 Soil Suitable Erosive
106-1 2.0-22.3

22.3-22.7
Ss

Coal
Limited Sui
Unsuitable

tability Acidity-clay layers

106-2 22.7-34.6 C Sist Suitable
106-3 34.6-44.9

44.9-55.3
SiSt
Coal

Suitable
Unsuitable

55.3-57.3 Sh Unsuitable Indurated— clay —
perm

106-4 57.3-75.7 Ss Suitable
75.7-78.2 SiSt)

Coal)

SiSt)

Unsuitable Thin bedded

106-5 78.2-81.3

81.3-82.2

Sh )

SiSh)

Limited sui

Unsuitable

tab ility Instability- clay

Hard limestone
106-6 82.2-98.3 Ss Unsuitable Sodium-instability
106-7 98.3-121.6

121.6-125.1

SiSh)

Ss )

Coal

Unsuitable

Unsuitable

Sodium - clay

125.1-128.6 SiSh

CbSh

Unsuitable Indurated— carbon-
aceous clay

128.6-150.7 Coal Unsuitable
106-9 150.7-165.3 SiSh

•

Unsuitable Indurated-clayey—
sodium

106-10 165.3-180.5 Unsuitable Sodium-instability
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Core No.

107-1

107-2

107-3

107-4

107-5

Depth Suitability
Feet Type Classification

0-0.7 Soil Limited
0.7-11.8 C Sist Limited
11.8-28.5 Sh

C Sh

Unsuitable

28.5-35.3 SiSt
S Sist

Limited

35.3-37.6 Sh Unsuitable
37.6-45.4 Coal Unsuitable
45.4-56.0 Sh Unsuitable

56.0-73.8 Coal Unsuitable
73.8-93.8 Sh Unsuitable
93.8-103.8 Unsuitable

Deficiency

Amount- erosiveness
Lime-perm
Clayey-perm

Instability

Clay—instability

Clayey-indurated

-

sodic

Instability- sodium
Instability-sodium
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Cores No.

108-

108-

-1

•2

108-

108-

3
4

108--5

108-6

108--7

Depth Suitability
Feet Type Classification

0-8.0 Soil Suitable
8.0-20.3 SiSh Limited
20.3-21.7 Coal Unsuitable
21.7-23.0 SiSh Unsuitable
23.0-26.0 SiSh Limited
26.0-34.1 Ss Limited
34.1-43.3 Coal Unsuitable
43.3-58.4 Sh Unsuitable
58.4-76.2 Coal Unsuitable
76.2-98.0 SiSh Unsuitable

98.0-103.5 SiSs Unsuitable

Deficiency

Clayey- instability

Clayey-carbonaceous
Perm- clayey
Perm -instability

Clayey- sodium

Clayey- sodium-
instability
Sodium-instability
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Core No.

109-1

109-2

109-3

109-4

109-5

109-6
109-7

Depth Suitability
Feet Type Classification

0-3 Soil Suitable
3-21.5 C Sist Suitable

21.5-24.0 Ss Suitable
24.1-38.6 SiSh

SiSt
Suitable

38.6-98.7 SiSt Suitable
98.7-105.2 Sh/Ss Limited
105.2-108.2 Ss Limited
108.2-111.7 Sh

CbSh
Unsuitable

111.7-128.5 Coal Unsuitable
128.5-140.8 SiSh Unsuitable
140.8-161.0 SiSt

Ss

Unsuitable

Deficiency

Lime - salts
Low Cec
Clayey-layers

Amount-clayey layers-

Depth
Clayey- instability

Sodium-clayey
Sodium-instability
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Core No.

110-1

110-2

Depth Suitability
Feet Type Classification

0-0.5 Soil Suitable
.5-47.8 SiSs Suitable

47.8-67.5 Sh Unsuitable
67.5-70.6 Sh Limited
70.6-72.3 Coal Unsuitable
72.3-78.7 ShSs Limited

Deficiency

Low Cec

Clayey
Amount-clay - depth

Clayey- layers
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Depth Suitabil:Lty

Core No. Feet Type Classification Deficiency

0-2.4 Soil Suitable
111-1 2.4-6.8 C Sist Suitable Lime -indurated
111-2 6.8-53.2 Ss Suitable Low Cec

53.2-56.0 Css Limited Clayey-instability
56.0-60.9 Ss Suitable Amount - depth —

111-3 60.9-66.5 SiSh Limited Clayey
66.5-83.6 Coal Unsuitable

111-4 83.6-90.0 Sh

Coal
Sh

Limited Amount - depth -

clayey
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Core No. Feet Type Classification Deficiency

0-1.3 Soil Unsuitable Nonuniform depth
113-1 1.3-7.5 C Sist Unsuitable Clayey-slainity
113-2 7.5-29.0 SiSh Unsuitable Clayey-sodium

29.0-48.8 Coal Unsuitable
113-3 48.8-63.4 Sh Unsuitable Clayey-sodic
113-4 63.4-71.1 SiSt Unsuitable Sodic-instability
113-5 76.5-81.6 Sh Unsuitable Clayey-sodic
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Depth Suitability
Core No. Feet Type Classification Deficiency

0-1.5 Soil Suitable
114-1 1.5-41.8 SiSs Suitable Caliche -clay layers
114-2 41.8-59.7 SiSh Unsuitable Sodic -clayey

59.7-79.8 Coal Unsuitable
114-3 79.8-97.2 Sh Unsuitable Clayey—sodium
114-4 97.2-107.5 ShSs

Ss

Unsuitable Sodium-instability
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Core No. Feet Type Classification Deficiency
Depth Suitability
Feet Type Classification

0-5.0 Soil Suitable
5.0-27.0 Soil Limited

27.0-37.2 Coal Unsuitable
37.2-49.0 SiSh Unsuitable

116-1
116-2 5.0-27.0 Soil Limited Clayey-lime

27.0-37.2 Coal Unsuitable
116-3 37.2-49.0 SiSh Unsuitable Clayey - instability-

sodic
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Core No.

117-1

117-2

117-2

Depth Suitability
Feet Type Classification

0-1.4 Soil Suitable
1.4-10.9 SiSs Suitable
10.9-27.3 Coal Unsuitable
27.3-34.0 Sh Limited
34.0-36.0 Coal Unsuitable
36.0-40.3 Limited

Deficiency

Clayey-instability

Clayey-instability
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SCREENABLE SOIL CHARACTERIZATION
AS RELATED TO

LAND RECLAMATION

By

William B. Peters, Luvern L. Resler , and Robert Vader 1/

Soil is characterized by laboratory methods to confirm judgment in field
appraisals. There is a tendency among most laboratory activities to

"over test"; i.e., perform too many or unnecessary tests on certain
soils at the expense of not performing essential or critical testing on

particular samples. Also, laboratory activities tend to emphasize com-
prehensive analyses of samples from master sites and neglect selection,
sequence, and quality control in mass testing performed on a screenable
basis. The latter-type testing is frequently handled as routine work
utilizing the least dependable personnel and considered not worthy of

competent and close supervision. Thus, too often the screenable labo-
ratory testing becomes a liability rather than an asset in supporting
land classification surveys. Because the screenable testing represents
coverage of areas involving a high sampling density, it serves as an

extremely important input into land categorization. Therefore, it

should be administered for performance with respect to both quality and

quantity commensurate with the goals and objectives of the investigation.

The objective of characterizing soil and overburden will be to support
judgment in estimating land reclamation potential. (Overburden refers
to the material consolidated or unconsolidated overlying minable resources
in relation to surface mining.) Thus, the laboratory analyses must be

performed on an action program basis and serve a practical purpose.
Therefore, it is essential the physical and chemical characteristics of

the soil and overburden be appraised in relation to edaphology; i.e.,

a medium suitable for the support of plant growth, rather than pedology.

Because the laboratory studies should serve to support field appraisals,
all laboratory work should be closely coordinated with fieldwork. For

full effectiveness, laboratory studies must be preceded by field studies.
The number and type of studies will be determined by area conditions -

particularly variability, the controlling project specifications, and
needs. There should be a joint plan between field and laboratory inves-
tigations prior to taking of samples if maximum utilization of data is

1/ Head and Soil Scientists, respectively, Land Utilization Section,
Resource Analysis Branch, Division of Planning Coordination, U.S.

Department of the Interior, Bureau of Reclamation, Denver, Colorado, U.S.

A



Exhibit 1

Sheet 2 of 4

to be obtained. Problems should be studied rather than standard or

routine tests made [Kellogg, 1962].

In submitting soil samples for laboratory characterizations, the labo-
ratory should be furnished with pertinent field appraisals along with
the tentative land utilization and quality designation. The soil and
subsoil samples should represent genetic horizons with no more than
60-cm depth per sample. Substrata samples should represent uniform
overburden with no more than 200 cm per sample unless drill hole diam-
eters preclude obtaining sufficient material for laboratory and green-
house studies.

The first priority in laboratory characterization should be accomplished
by direct and indirect measurements for evaluating soil structure and
its stability, soil-cation-exchange capacity or surface area, and soil
reaction. After this is accomplished, then consideration should be given
to testing that confirms, explains the causes of phenomena previously
observed or predicted, reveals the presence of toxic elements (salinity
level, boron content, alkali, acidity, reduction products, etc.), and

indicates what and how much is required to cope with the soil deficiency
under eventual field conditions and the moisture regimen expected to

prevail [Peters, 1965J

.

Based on present knowledge of the area, the support characterizations
should include field measurements for water movement and retention in

soil and laboratory determinations for structure stability [Gardner,

1945] through measurements of floe volume and hydraulic conductivity of

fragmented samples; moisture retentivity at 15-bars pressure; soil

reaction by measurement of pH in water and neutral salt solution; soil

salinity by measurement of specific electrical conductance of soil-water
extracts; soil solution concentration and composition including sodium
and calcium plus magnesium; cation exchange capacity; exchangeable cation
status; residual gypsum; gypsum requirement; acid soluble carbonates;
and others.

Samples collected in a reduced state may be alkaline or neutral while
reduced, but acid when oxidized. Therefore, we snould be on the "look-
out" for such conditions and characteristics and assure reduced material
is also analyzed in an aerated condition. Samples exhibiting acidity
upon oxidation should be further analyzed to ascertain reduction prod-
ucts associated with the observed phenomenon.

Should conventional acidity; i.e., other than oxidation product, be

encountered, the testing will be expanded to include acidity by measure-
ment of neutral salt exchange acidity including aluminum, titratable

acidity (amount of acidity neutralized at a selected pH) , and soluble
aluminum.
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In screenable testing, the characterization for moisture retentivity at

pressures less than 15 bars is not recommended unless a suitable use can
be established. Measurements of moisture retentivity at 15-bars pressure
are recommended because water content at this potential is usually cor-

related with several characteristics including amount and kind of clay,

surface area, and cation exchange capacity. Moisture percentages at

this potential would probably not be applicable in simulating water
content at wilting for native vegetation.

In initial screening, diluted soil-water suspensions may be substituted
for the time-consuming, saturated soil extracts in measuring electrical
conductance provided limitations are ascertained. The reliability of

higher moisture contents even as a tool in screening depends on the kind
of salts present. For chloride salts, the results will be only slightly
affected by the moisture content, but if sulfate or carbonate salts,
which have relatively low solubility, are present in appreciable quan-
tities, the apparent amount of soluble salt will depend on the soil-water
ratio [Richards, 1954].

VJe do not concur in the practice of characterizing vast numbers of sam-
ples for textural class through measurements of particle-size distribu-
tion. This blanket laboratory analysis for soil textural class is

neither required nor desired. Particle-size analysis should be limited
to master site characterization, the occasional confirmation of field
textural appraisals, and the training of new employees.

In the screenable characterization of samples, a procedure for the

sequence of testing and screening of samples should encompass the fol-

lowing phases. Under Phase I of the scheme, all samples would be char-
acterized for (1) soil structure stability through measurement of

hydraulic conductivity on a fragmented sample basis during the 6th and

24th hours and volume of wet settled floccules, (2) moisture retentivity
at 15-bars pressure, (3) electrical conductivity of soil-water extract,
and (4) pH in water and in 0.01 molar calcium chloride solution.

In the second phase, selected samples suspected through the testing
results of Phase 1 to be salt affected should be characterized for

electrical conductivity of the saturation extract and sodium adsorption
ratio.

In the third phase, selected samples suspected through the testing
results of Phases 1 and II to be salt affected with respect to sodium
will be tested for either gypsum requirement or residual gypsum, depend-
ing on salinity levels and associated pH values. Residual gypsum will
be estimated by measuring calcium plus magnesium in a 1:5 soil-water
ratio extract and reported in milliequivalents per 100 grams.
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In the fourth phase, selected samples suspected through testing results
of Phase I to be highly acid and low in base saturation and nonsaline

should be further characterized for bases specifically sodium and calcium

plus magnesium and acidity including the aluminum component extractable
with a neutral salt; i.e., 1 . ON potassium chloride. This will enable
computation of effective soil-cation-exchange capacity; i.e., CEC at

soil pH and the exchangeable aluminum percentage of this CEC.

In the fifth phase, selected samples having been characterized during
Phases I, II, and IV to be saline acid would be characterized for soluble
aluminum.

The above-described characterization program would not preclude testing
on a "complete analysis" basis on samples from master sites.
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LABORATORY ANALYSES AND PROCEDURES

Moisture Retention was determined by ceramic plates (Richards, et al.,

1954, Diagnosis and Improvement of Saline and Alkali Soils , USDA
Agriculture Handbook No. 60, 29, 30 and 31:109-110).

Particle-Size Analyses were determined by pipeting analysis (Richards,
et al. , 1954, Diagnosis and Improvement of Saline and Alkali Soils ,

USDA Agricultural Handbook No. 60, 41:122-124).

Disturbed Hydraulic Conductivity was determined by the use of plastic
tubes (Richards, et al., 1954, Diagnosis and Improvement of Saline and
Alkali Soils , USDA Agricultural Handbook No. 60, 34b : 112-113)

.

pH of 1:15 Soil Suspension (Richards, et al., 1954, Diagnosis and
Improvement of Saline and Alkali Soils , USDA Agriculture Handbook No. 60,

21b:102), (C. A. Black, et al. , Methods of Soil Analysis , Part 2, Agronomy
No. 9, American Society of Agronomy 60-3,4:922-923) and (Bear, et al.

,

Chemical of Soils , 1964)

.

pH Reading in CACI9 Solution (C. A. Black, et al., Methods of Soil Analysis
,

Part 2, Agronomy No. 9, American Society of Agronomy 60-3.5:923).

Saturation Extract taken from saturation soil paste using Bariod filter

press and measuring soluble salts by use of electrode conductivity bridge
(Richards, et al., 1954, Diagnosis and Improvement of Saline and Alkali
Soils , USDA Agricultural Handbook No. 60, 2 and 3:84-88, 27:107 and
4:89-90), C. A. Black, et al., Methods of Soil Analysis , Part 2, Agronomy
No. 9, American Society of Agronomy 62-1:933-988) and (Bear, et al.,
Chemical of Soils , 1964)

.

Carbonates and bicarbonates were determined by acid titration and chlorides
were determined by the Mohr volumetric method (Richards, et al., 1954,
Diagnosis and Improvement of Saline and Alkali Soils , USDA Agricultural
Handbook No. 60, 82:145-146 and 84:146), C. A. Black, et al.

,

Methods of Soil Analysis , Part 2, Agronomy No. 9, American Society of

Agronomy 62-3.4.1:945-947 and 62-3.5.1:947-948), (M. J. Taras, et al.,
Standard Methods for the Examination of Water and Wasteway , Thirteenth
Edition, for carbonate and bicarbonate only 102:52-56), (Bear, et al.,
Chemical of Soils , 1964), and (Brown, Skougstad and Fishman, Techniques
of Water Resources Investigation of USGS , Chapter Al , "Methods for
Collection and Analysis of Water Samples for Dissolved Minerals and Gases,"
Book 5 - Laboratory analysis for chloride only, p. 69).

Sodium, Potassium, Calcium and Magnesium were determined by atomic
absorption (Perkin-Elmer, Analytical Method for Atomic Absorption
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Spectrophotometry , 1973) and Brown, Skougstad and Fishman, Techniques
of Water Resources Investigation of USGS , Chapter Al , "Methods for

Collection and Analysis of Water Samples for Dissolved Minerals and

Gases," Book 5 - Laboratory Analysis, 66, 109, 133 and 143).

Nitrate was determined by phenoldsulfonic acid (Richards, et al. , 1954,
Diagnosis and Improvement of Saline and Alkali Soils , USDA Agricultural
Handbook No. 60, 15:100), (C. A. Black, et al. , Methods of Soil Analysis
Part 2, Agronomy No. 9, American Society of Agronomy 84-5.3:1216-1219)
and (M. J. Taras, et al., Standard Methods for the Examination of Water
and Wasteway , Thirteenth Edition, 133:233-237).

Exchangeable Sodium and Potassium were extracted by ammonium acetate
solution. Cation-Exchange Capacity was extracted by ammonium acetate
and sodium acetate (Richards, et al., 1954, Diagnosis and Improvement
of Saline and Alkali Soils , USDA Agricultural Handbook No. 60, 18:100-101
and 19:101) and (C. A. Black, et al., Methods of Soil Analysis , Part 2,

Agronomy No. 9, American Society of Agronomy 72-3:1033, 72-3.2.1:1033-
1034 and 57-1:891-895).

Exchangeable Sodium Percentage was determined by calculation (Richards,
et al., 1954, Diagnosis and Improvement of Saline and Alkali Soils , USDA
Agricultural Handbook No. 60, 20a: 101).

Gypsum determined by increase in soluble calcium plus magnesium content
upon dilution (Richards, et al

.
, 1954, Diagnosis and Improvement of Saline

and Alkali Soils , USDA Agricultural Handbook No. 60, 22c: 104).

Gypsum Requirement (Richards, et al., 1954, Diagnosis and Improvement of

Saline and Alkali Soils , USDA Agricultural Handbook No. 60, 22d:104-105)

.

Boron was determined by extracting with hot water (Bear, et al. , Chemical
of Soils , 490-494) and (C . A. Black, et al., Methods of Soil Analysis ,

Part 2, Agronomy No. 9, American Society of Agronomy 75-4:1062-1063).

Trace Metals were determined by atomic absorption either by flame or

graphite furnace (Perkin-Elmer , Analytical Method for Atomic Absorption
Spectrophotometry , 1973), Brown, Skougstad and Fishman, Techniques of

Water Resources Investigation of USGS , Chapter Al , "Methods for Collection
and Analysis of Water Samples for Dissolved Minerals and Gases, Book 5 -

Laboratory Analysis, 50-157) and (M. J. Taras, et al., Standard Methods

for the Examination of Water and Wasteway, Thirteenth Edition).

Organic Carbon - The Walkley-Block method is used, and diphenylamine is

the indicator. (Methods of Soil Analysis , Part 2, Agronomy No. 9

American Society of Agronomy 90-3:1372-1375).
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Bulk Density - Clod method. Density measured by water displacement.

(Methods of Soil Analysis , Part 2, Agronomy No. 9, American Society of

Agronomy 30-4:381-383).

In addition to the foregoing testing program, greenhouse pot studies
were made on selected samples to indicate possible toxic or other
unfavorable conditions for plant growth. With the procedures used in
the greenhouse studies, the results do not reflect adverse physical
conditions or nitrogen and phosphorous deficiencies.
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GLOSSARY

Annual Plant (annuals), A plant that completes its life cycle and
dies in 1 year or less.

Aspect, The direction toward which a slope faces. Exposure.

Available Nutrient, The part of the supply of a plant nutrient in

the soil that can be taken up by plants at rates and in amounts
significant to plant growth.

Available Water, The part of the water in the soil that can be taken
up by plants at rates significant to their growth. Usable:
obtainable.

Bedrock, Any part of the consolidated geologic formation, soft,
weathered or hard that has remained in place and is relatively
unchanged.

Broadcast Seeding, Scattering seed on the surface of the soil.

Contrast with drill seeding which places the seed in rows in

the soil.

Buffer, Substances in soil or water that act chemically to resist
changes in reaction or pH.

Calcareous Soil, Soil containing sufficient calcium carbonate (often

with magnesium carbonate) to effervesce visibly when treated
with cold 0.1 normal hydrochloric acid.

Capillary Water, The water held in the "capillary" or small pores of

a soil, usually with tension greater than 60 centimeters of

water. Much of this water is considered to be readily available
to plants.

CFS, Cubic feet per second - measurement of water flow.

Channel Stabilization, Erosion prevention and stabilization of
velocity distribution in a channel, using jetties, drops,
revetments, vegetation, and other measures.

Clay (soils) (1) A mineral soil separate consisting of particles
less than 0.002 millimeter diameter. (2) A soil textural class.

(3) (engineering) A fine-grained soil that has a high plasticity
index in relation to the liquid limits.
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Compaction, The closing of the pore spaces among the particles of

soil and rock, generally caused by running heavy equipment over
the area, as in the process of leveling the overburden material
of strip mine banks.

Companion Crop (See Nurse Crop)

Conifer, A tree belonging to the order Coniferae, usually evergreen
with cones and needle-shaped or scale-like leaves and producing
wood known commercially as "softwood."

Contour, An imaginary line connecting points of equal height above
sea level as they follow the relief of the terrain.

Cool-Season Plant, A plant that makes its major growth during the
cool portion of the year, primarily in the spring but in some
localities in the winter.

Deciduous, Refers to a tree that sheds all its leaves every year at

a certain season.

Deep Chiseling, Deep chiseling is a surface treatment that loosens
compacted spoils. The process creates a series of parallel
slots on the contour in the spoils surface which impedes water
flows and markedly increases infiltration.

Density, Forage, The percent of ground surface which appears to be
completely covered by vegetation when viewed directly from above.

Density, Stand, Density of stocking expressed in number of trees per
acre.

Broadcast Seeding, A method of establishing a stand of vegetation by
sowing seed on the ground surface.

Dissolved Solids, The difference between the total and suspended

solids in water.

Disturbed Land, Land on which excavation has occurred or upon which
overburden has been deposited, or both.

Dozer or Bulldozer, Tractor with a stell plate or blade mounted on

the front end in such a manner that it can be used to cut into

earth or other material and move said material primarily forward

by pushing.
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Ecology, The science that deals with the mutual relation of plants

and animals to one another and to their environment.

Ecosystem, A total organic community in a defined area or time frame.

Effective Precipitation, That portion of total precipitation that

becomes available for plant growth. It does not include precipi-
tation lost to deep percolation below the root zone or to surface
runoff.

Effluent, Any water flowing out of the ground or from an enclosure
to the surface flow network.

Environment, All external conditions that may act upon an organism
or soil to influence its development, including sunlight, tempera-
ture, moisture and other organisms.

Erodibility, The relative ease with which one soil erodes under
specified conditions of slope as compared with other soils
under the same conditions; this applies to both sheet and
gully erosion.

Erosion, The wearing away of the land surface by running water, wind,
ice, or other geological agents, including such processes as
gravitational creep. Detachment and movement of soil or rock
fragments by water, wind or ice, or gravity.

Essential Element (plant nutrition), A chemical element required for
the normal growth of plants.

Evapotranspiration, A collective term meaning the loss of water to

the atmosphere from both evaporation and transpiration by
vegetation.

Excavation, The act of removing overburden material.

Fertilizer, Any natural or manufactured material added to the soil
in order to supply one or more plant nutrients.

Fertilizer Grade, The guaranteed minimum analysis in whole numbers,
in percent, of the major plant nutrient elements contained in

a fertilizer material or in a mixed fertilizer. For example, a
fertilizer with a grade of 20-10-5 contains 20 percent nitrogen
(N) , 10 percent available phosphoric acid (P2O5) » a^d 5 percent
water-soluble potash (KoO) . Minor elements may also be included.
Recent trends are to express the percentages in terms of the
elemental fertilizer (nitrogen (N) , phosphorous (P) , and
potassium (K))

.
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Fill, Depth to which material is to be placed (filled) to bring the
surface to a predetermined grade. Also, the material itself.

Forage, Unharvested plant material which can be used as feed by
domestic animals. Forage may be grazed or cut for hay.

Forest Land, Land bearing a stand of trees at any age or stature,
including seedlings and of species attaining a minimum of 6 feet

average height at maturity or land from which such a stand has

been removed but on which no other use has been substituted.

The term is commonly limited to land not in farms; forests on
farms are commonly called woodland or farm forests.

Germination, Sprouting; beginning of growth.

Gradation, A term used to describe the series of sizes into which a

soil sample can be divided.

Grain Size, Physical size of soil particle, usually determined by
either sieve or hydrometer analysis.

Ground Cover, Any living or dead vegetative material producing a
protecting mat on or just above the soil surface.

Ground Water, Subsurface water occupying the saturation zone , from
which wells and springs are fed. In a strict sense the term
applies only to water below the water table. Also called
plerotic water ; phreatic water .

Growing Season, Determined by the Lowery-Johnson Method.

Gully Erosion, Removal of soil by running water, with formation of

deep channels that cannot be smoothed out completely by normal
cultivation.

Hydroseeding, Dissemination of seed hydraulically in a water medium.

Mulch, lime, and fertilizer can be incorporated into the
sprayed mixture.

Impervious, Prohibits fluid flow.

Infiltration, Water entering the ground water system through the

land surface.
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Intermittent Stream, A stream or portion of a stream that flows only

in direct response to precipitation. It receives little or no

water from springs and is dry for a large part of the year.

Land Classification, Classification of specific bodies of land

according to their characteristics or to their capabilities
for use. A use capability classification may be defined as
one based on both physical and economic considerations according
to their capabilities for man's use, with sufficient detail of

categorical definition and cartographic (mapping) expression to

indicate those differences significant to men.

Land Use Planning, The development of plans for the uses of land
that, over long periods, will best serve the general welfare,
together with the formulation of ways and means for achieving
such uses.

Leaching, The removal of materials in solution by the passage of
water through soil.

Leachate, Liquid that has percolated through a medium and has
extracted dissolved or suspended materials from it.

Legume, A member of the legume or pulse family, leguminosae. One
of the most important and widely distributed plant families.
Includes many valuable food and forage species, such as the
peas, beans, peanuts, clovers, alfalfas, sweet clovers,
lespedezas, vetches and kudzu. Practically all legumes are
nitrogen-fixing plants.

Lime, Lime, from from the strictly chemical standpoint, refers to only
one compound, calcium oxide (CaO) ; however, the term lime is

commonly used in agriculture to include a great variety of
materials which are usually composed of the oxide, hydroxide,
or carbonate of calcium or of calcium and magnesium. The most
commonly used forms of agricultural line are ground limestone,
marl, and oyster shells (carbonates), hydrated lime (hydroxides),
and burnt lime (oxides)

.

Quicklime - limestone + heat (calcined) CaO
Hydrated lime - quicklime + H2 Ca(0H)2
Slaked lime - same as hydrated but slaking equipment is

used for adding water
Milk of lime - water mixture containing lime in solution

+ lime in suspension

Micro-Climate, A local climatic condition near the ground resulting
from modification of relief, exposure, or cover.
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Micro-Nutrients, Nutrients in only small, trace, or minute amounts.

Mined-Land, Land with new surface characteristics due to the removal
of mineable commodity by surface mining methods and subsequent
surface reclamation.

Mulch, A natural or artificial layer of plant residue or other
materials placed on the soil surface to protect seeds, to
prevent blowing, to retain soil moisture, to curtail erosion,
and to modify soil temperature.

Natural Revegetation, Natural reestablishment of plants; propagation
of new plants over an area by natural processes.

Natural Seeding (Volunteer) , Natural distribution of seed over an
area.

Neutralization, The process of adding an acid or alkaline material
to water or soil to adjust its pH to a neutral position.

Neutral Soil, A soil in which the surface layer, at least to normal
plow depth, is neither acid nor alkaline in reaction. For most
practical purposes, soil with a pH ranging from 6.6 through 7.3.

Nitrogen Fixation, The conversion of atmospheric (free) nitrogen to

nitrogen compounds. In soils the assimilation of free nitrogen
from the air by soil organisms (making the nitrogen eventually
available to plants) . Nitrogen fixing organisms associated
with plants such as the legumes are called symbiotic; those not
definitely associated with plants are called nonsymbiotic.

Nurse Crop, A planting or seeding that is used to protect a tender
species during its early life. A nurse crop is usually temporary
and gives way to the permanent crop. Sometimes referred to as a

companion crop.

Nutrients, Any element taken into a plant that is essential to its

growth

.

Overburden, The earth, rock, and other materials which lie above the

coal.

Percolation, Downward movement of water through soils.

Permeability, The measure of the capacity for transmitting a fluid

through the substance. In this report the substance is over-

burden (soil and bedrock)

.
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pH, The symbol or term refers to a scale commonly used to express the
degrees of acidity or alkalinity. On this scale pH of 1 is the

strongest acid, pH of 14 is the strongest alkali, pH of 7 is the
point of neutrality at which there is neither acidity or alkalinity,
pH is not a measure of the weight of acid or alkali contained in
or available in a given volume.

Pollution, Environmental degradation resulting from man's activities
or natural events.

Pond, A body of water of limited size either naturally or artificially
confined and usually smaller than a lake.

Rain (1) Heavy—Rain which is falling at the time of observation with
an intensity in excess of 0.30 in. per hr (over 0.03 inch in 6 min)

.

(2) Light—Rain which is falling at the time of observation with
an intensity of between a trace and 0.10 in. per hr (0.01 inch in
6 min). (3) Moderate—Rain which is falling at the time of obser-
vation with an intensity of between 0.11 in. per hr (0.01+ inch
in 6 min) and 0.30 in. per hr (0.03 inch in 6 min).

Range Land, The natural vegetation is predominantly grasses, grasslike
plants, forbs, or shrubs.

Percolation Rate, Usually expressed as a velocity, at which water
moves through saturated granular material. The term is also
applied to quantity per unit or time of such movement, and has
been used erroneously to designate infiltration rate or infil-
tration capacity.

Reclamation, The process of reconverting mined land to its former or
other productive uses.

Reconstructed Profile, The result of selective placement of suitable
overburden material on reshaped spoils.

Recreation Land, Land and water used, or usable primarily as sites for
outdoor recreation facilities and activities.

Reforestation, The natural or artificial restocking of an area with
forest trees.

Regrading, The movement of earth over a depression to change the shape
of the land surface. A finer form of backfilling.

Rehabilitation, Implies that the land will be returned to a form and
productivity in conformity with a prior land use plan, including
a stable ecological state that does not contribute substantially
to environmental deterioration and is consistent with surrounding
aesthetic values

.
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Revegetation, Plants or growth which replaces original ground cover
following land disturbance.

Ripping
s
The act of breaking, with a tractor-drawn ripper or long

angled steel tooth, compacted soils or rock into pieces small
enough to be economically excavated or moved by other equipment
as a scraper or dozer.

Runoff, That portion of the rainfall that is not absorbed by the deep
strata: is utilized by vegetation or lost by evaporation or may
find its way into streams as surface flow.

Saline-Sodic Soil, A soil having a combination of a harmful quantity
of salts and either a high degree of sodicity or a high amount
of exchangeable sodium, or both, so distributed in the soil profile
that the growth of most crop plants is less than normal.

Saline Soil, A soil containing enough soluble salts to impair its
productivity for plants but not containing an excess of exchange-
able sodium.

Sandstone, A cemented or otherwise compacted detrital sediment composed
predominantly of quartz grains, the grades of the latter being
those of sand.

Saturation, Completely filled; a condition reached by a material,
whether i"t be in solid, gaseous, or liquid state, which holds
another material within itself in a given state in an amount
such that no more of such material can be held within it in the
same state. The material is then said to be saturated or in a

condition of saturation.

Sediment, Solid material, both mineral and organic, that is in suspension,

is being transported, or has been moved from its site of origin
by air, water, gravity, or ice and has come to rest on the earth's
surface either above or below sea level.

Sediment Basin, A reservoir for the confinement and retention of silt,

gravel, rock, or other debris from a sediment-producing area.

Seedbed, The soil prepared by natural or artificial means to promote
the germination of seed and the growth of seedlings.

Seep, A more or less poorly defined area where water oozes from the

earth in small quantities.

Shale, Sedimentary or stratified rock structure generally formed by

the consolidation of clay or clay-like material.
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Silt, Small mineral soil grains the particles of which range in
diameter from 0.05 to 0.002 mm (or 0.02-0.002 mm in the inter-
national system)

.

Soil (See Acid Soil and Alkaline Soil) , Surface layer of the earth,
ranging in thickness from a few inches to several feet composed
of finely divided rock debris mixed with decomposing vegetative
and animal matter which is capable of supporting plant growth.

Soil Conserving Crops, Crops that prevent or retard erosion and
maintain or replenish rather than deplete soil organic matter.

Soil Porosity, The degree to which the soil mass is permeated with
pores or cavities. It is expressed as the percentage of the
whole volume of the soil which is unoccupied by solid particles.

Soil Profile, A vertical section of the soil through all its horizons
and extending into the parent material.

Soil Structure, The combination or arrangement of primary soil particles
into secondary particles, units, or beds.

Solum, The upper part of a soil profile, above the parent material,
in which the processes of soil formation are active. The sol-urn

in mature soils includes the A and B horizons. Usually the
characteristics of the material in these horizons are quite
unlike those of the underlying parent material. The living
roots and other plant life and animal life characteristic of
the soil are largely confined to the solum.

Spoil, The overburden or non-coal material removed in gaining access
to the coal or mineral material in surface mining.

Spoil Bank (Spoil Pile) , Area created by the deposited spoil or over-
burden material prior to backfilling. Also called cast overburden.

Stratified, Composed of, or arranged in, strata or layers, as stratified
alluvium. The term is applied to geological materials. Those
layers in soils that are produced by the processes of soil formation
are called horizons, while those inherited from parent material are
called strata.

Strip, To mine a deposit by first taking off the overlying burden.

Strip Mine, Refers to a procedure of mining which entails the complete
removal of all material from over the product to be mined in a

series of rows or strips; also referred to as "open cut," "open pit,"
or "surface mine."
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Strip Mining (See Surface Mining)

Stripping, The removal of earth or non-ore rock materials as required

to gain access to the ore or mineral materials wanted. The process

of removing overburden or waste material in a surface mining

operation.

Subsoil, The B horizon of soils with distinct profiles. In soils with

weak profile development, the subsoil can be defined as the soil

below the plowed soil (or Its equivalent of surface soil) in which

roots normally grow. Although a common term, it cannot be defined

accurately. It has been carried over from early days when "soil"

was conceived only as the plowed soil and that under it as "subsoil."

Substratum, Alluvial, colluvial and bedrock material that lies below
the soil profile.

Surface Soil, That part of the upper soil of arable soils commonly
stirred by tillage implements or an equivalent depth (5 to 8

inches) in non-arable soils.

Suspended Solids, Sediment which is in suspension in water but which
will physically settle out under quiescent conditions (as differ-
entiated from dissolved material)

.

Terrace, Sloping ground cut into a succession of benches and steep
inclines for purposes of cultivation or to control surface runoff
and minimize soil erosion.

Terraced Slope, A slope that is intersected by one or more terraces.

Texture, The character, arrangement and mode of aggregation of particles
which make up the earth's surface.

Topdressing Material, Material that is well suited for plant media.
Desired characteristics include: fertile, good tilth, permeable,
contains organic matter, nonsaline, nonsodic and has water stable
aggregates.

Tilth, The physical condition of a soil in respect to its fitness for

the growth of a specified plant.

Topography, The shape of the ground surface, such as hills, mountains

or plains. Steep topography indicates steep slopes or hilly land;

flat topography indicates flat land with minor undulations and

gentle slopes.
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Toxic Spoil (See also Acid Spoil) , Includes acid spoil with pH below
4.0. Also refers to spoil having amounts of minerals such as

aluminum, manganese, and iron that adversely affect plant growth.

Transpiration, The normal loss of water vapor to the atmosphere from
plants.

Unconsolidated (soil material) , Soil material in a form of loose
aggregation.

Vegetation, General term including grasses, legumes, shrubs, trees
naturally occurring and planted intentionally.

Vegetative Cover, The entire vegetative canopy on an area.

Volunteer, Springing up spontaneously or without being planted; a
volunteer plant.

Weathering, The group of processes, such as chemical action of air and
rainwater and of plants and bacteria and the mechanical action of
changes in temperature, whereby rocks, on exposure to the weather,
change in character, decay, and finally crumble.

Wildlife, Undomesticated vertebrate animals, except fish, considered
collectively.
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